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Abstract. Surface brightness data can
distinguish between a Friedman-
Robertson-Walker expanding universe
and a non-expanding universe. For
surface brightness measured in AB
magnitudes per angular area, all FRW
models, regardless of cosmological
parameters, predict that surface
brightness declines with redshift as (z +
1)®, while any non-expanding model
predicts that surface brightness is
constant with distance and thus with z.
High z UV surface brightness data for
galaxies from the Hubble Ultra Deep
Field and low-z data from GALEX are
used to test the predictions of these two
models up to z =6. A preliminary
analysis presented here of samples
observed at the same at-galaxy
wavelengths in the UV shows that
surface brightness is constant,
u=kz"%2%015 consistent with the non-
expanding model. This relationship holds
if distance is linearly proportional to z at
all redshifts, but seems insensitive to the
particular choice of d-z relationship.
Attempts to reconcile the data with FRW
predictions by assuming that high-z
galaxies have intrinsically higher surface
brightness than low-z galaxies appear to
face insurmountable problems. The
intrinsic FUV surface brightness required
by the FRW models for high-z galaxies
exceeds the maximum FUV surface
brightness of any low-z galaxy by as
much as a factor of 40. Dust absorption
appears to make such extremely high

AnHoTanus. JlaHHble MOBEPXHOCTHOM SIPKOCTH
MOTYT Pa3jIu4uTh paclupstomytocsa Beenennyro
®punmana-Pobeprcona-Yoxkepa (Friedman-
Robertson-Walker(FRW)) 1 HepacImupsrongyrocs
Bceenennyro. /[ noOBEpXHOCTHOM SIPKOCTH,
M3MEpEeHHOW B MarHutyaax AB Ha yrioByto
mwiomanab, Bce FRW-Monenu, He3aBuUCHMO OT
KOCMOJIOTMYECKUX TaPAMETPOB, IIPEICKA3BIBAOT,
YTO IIOBEPXHOCTHAS SIPKOCTh YMEHBILIAETCA C
KpacHBIM CMEIIeHHUEM Kak (Z + 1)'3, B TO BpeMsI KaK
nr00ast HepacIIUPSIOLIascsl MOJEINb MIPEICKA3bIBAECT,
YTO IMOBEPXHOCTHAS SIPKOCTh MOCTOSIHHA C
paccTosiHueM M TakuM 00pa3oMm ¢ Z. YO naHHbIe
MOBEPXHOCTHOM APKOCTH Ha OOJBIINX Z JJIs
rajJjakTiuK u3 Xa00J0BCKUX KpaHUE JAIEKUX
oOitacter 1 naguble 1A Majbix Z oT GALEX
UCTIONIB3YIOTCS, YTOOBI IIPOBEPUTD MPEICKA3aHUS
3TUX JABYX MOJIENeH BILIOTh 10 Z=6.
[IpenBapuTenbHblid aHAIU3 IPEICTABICHHBIX 3/1€Ch
BBIOOPOK HA0JII0/Ia€MBIX TaJlaKTUK B TEX YK€ CaMbIX
JnuHax Y @-BOJH MOKa3bIBAET, UTO MOBEPXHOCTHAS
SAPKOCTb ITOCTOSIHHA, n=kz" 9205 copmecrima ¢
HEPACIIUPSIOIIENCS MOJIENBI0. JTa 3aBUCUMOCTD
JIEPAKUTCS, €CIIH PACCTOSIHUE JTUHEWHO
IIPONOPLMOHAIBHO Z BO BCEX KPACHBIX CMEILLEHUSX,
HO Ka)K€TCS HEUYBCTBUTEIbHBIM K CHEIU(PUIECKOMY
BBIOOPY 0-Z 3aBucHMOcCTH. [TomBITKYM yperymmpoBaTh
JaHHble ¢ nporHo3amu FRW, npennonaras, 4yro y
rajJlakTHK C OOJIBIIUM Z €CTh CBOWCTBEHHas Ooee
BBICOKAsl IOBEPXHOCTHAS SIPKOCTh, YEM y TaJIaKTHK C
MaJIbIM Z, KQXKETCsl, CTOST Mepe]l HENPEOA0TMMBIMU
3agayamu. CrorictBeHHass FUV moBepxHocTHas
SApKOCTh, TpeOyemas moaensasmMu FRW miist ranakTuk
¢ OonbLINM Z, peBbIIIaeT MakcuManbayo FUV
MOBEPXHOCTHYIO SPKOCTB 170001 TAIIAKTUKH C
MaJIbIM Z He MeHblie, yeM B 40 pas. [lornomenue
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intrinsic FUV surface brightness
physically impossible. If confirmed by
further analysis, the impossibility of such
high-u galaxies would rule out all FRW
expanding universe (big bang) models.

BBICOKYIO CBOMCTBEHHYIO IPKOCTb IIOBEPXHOCTH
FUV ¢usnueckn HeBo3MoxxHOM. Eciut aTo Oyner
HOJITBEPKIEHO JAIbHEUIINM aHATIU30M,
HEBO3MO>KHOCTb TaKUX T'aJJAKTHK C OOIBIIUM [
uckmounia 661 Bce FRW-monenu ¢
pacmupsitoneiics Beenennoit (bonbiioi B3preis).

Keywords: surface brightness,
cosmology, non-expanding universe,
Tolman test.
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1. SURFACE BRIGHTNESS TEST
OF UNIVERSAL GEOMETRY

1. IloBepxXHOCTHASI IPKOCTH KAK TECT reOMeTPHH
Bcenennoit

The Friedman-Robertson-Walker theory
that is the basis for the conventional big
bang model of the expanding universe
makes the striking prediction that surface
brightness of a given object decreases as
(z + 1), where z is redshift, if surface
brightness is measured relative to AB
magnitudes. ! This factor is independent
of all cosmological parameters. The
relation is a consequence first of the time
dilation factor of (z+ 1) which reduces
the number of photons received per unit
time. In addition, there is an increase in
angular size by a factor of (z+ 1) due to
the object being closer to the observer by
this factor at the time the light was
emitted. Thus the angular surface area is
enlarged by (z+ 1)? i, leading to the
overall (z + 1) reduction in surface
brightness. (The dependence of surface
brightness on z is often expressed as (z +
1)*, when surface brightness is measured
as power per surface area, the additional
factor coming from the loss of energy of
each photon.)

Teopus ®puamana-Pobeprcona-Yokepa (FRW),
KOTOpasi SIBJISIETCSI OCHOBOM JIs1 yCIIOBHOW MOJIETHN
Bbosbiioro B3peiBa pacmmpsitoieiics Beenennoi,
JIeJIaeT opa3nuTENIbHOE NPEICKA3aHNE, UTO
MOBEPXHOCTHAS IPKOCTh JAHHOTO 00BEKTa
YMEHBIIAETCS KaK (z+1)'3, IJI€ Z - KpacHOE
CMEIIIeHHE, eClIi TOBEPXHOCTHAS SIPKOCTh U3MEpeHa
OTHOCHUTEIBHO 3B.BenunuH AB [1]. OToT
KOA(p(UIIUEHT HE3aBUCUM OT BCEX KOCMOJIOTUYECKUX
apaMeTpoB. ITO COOTHOIIEHUE — CIIEACTBUE, BO-
NepBbIX, KO PHUIMEeHTa pacTsHKEHHS BpeMeHH (z +
1), KOTOpBIii COKpaIIaeT KOJMYECTBO (POTOHOB,
MOJIyYEHHBIX 3a eAMHUIlY BpeMmeHu. Kpome Toro,
€CTh YBEJIMYEHUE YIII0BOI0 pa3Mepa Ha MHOXKHUTEIb
(z + 1) u3-3a TOrO, YTO OOBEKT OBLT OJIMIKE K
HAOJIOIATEIIO B 9TO YUCIIO pa3 B MOMEHT
HCITyCKaHUs cBeTa. TakuM o0pa3om, yrioBas
TUTOIIA (b TOBEPXHOCTH YBENIUYeHa B (Z + 1)2,
MIPUBO/IS K TTIOJTHOMY YMEHBIIICHHIO TTOBEPXHOCTHOM
SIPKOCTHU B (Z + 1)'3. (3aBHCUMOCTH OBEPXHOCTHOM
SAPKOCTH OT Z 4acTO BbIpaxkaeTcs Kak (z + 1)'4, Korjaa
MOBEPXHOCTHAA APKOCTh U3MEPEHA KaK SHEPIUs Ha
JTOTA b TIOBEPXHOCTH, JOTIOTHUTEIIbHBIN
KOX(PPUIIUEHT MPUXOANT M3-32 MMOTEPU IHEPTHH
KaKJbIM (hOTOHOM.)

ACh_1. Photons of light at the moment
of reception can have about a source only
such information which matches to the
moment of emission of these photons,
and cannot show the information that has
happened to the source during their
travelling, including an angular size of a
source. Therefore it has no sense at all,
how an angular size of a source varied
after the moment of emanation of the
received photons - it is not shown in

AY_1. ®oToHbI cCBETa B MOMEHT IIPUEMA MOTYT
UMETb TOJBKO Ty HHPOpPMaLHIO 00 UICTOUHUKE,
KOTOpasi COOTBETCTBYET MOMEHTY MCITyCKaHUS ITHX
(OTOHOB, U HE MOTYT OTpa)kaTh UH(OPMAIIHIO, YTO
IPOU3O0ILIO C UCTOYHUKOM 32 BPEMsI UX
pacrpoCTpaHeHUs, B TOM UHUCIIE 3TO KacaeTcs
YIJI0BOro pasmepa ucrounuka. [Toaromy
COBEpILEHHO HE UMEET 3HaYeHHUs, BO CKOJIBKO pa3
M3MEHUJICS YIJIOBOM pa3Mep UCTOUYHHKA I10CIIE
MOMEHTA U3JyYeHUs NPUHATHIX (POTOHOB - HA
CBOWCTBaX MPUHATHIX (POTOHOB ITO HUKAK HE




properties of the received photons in any
way.

OTpa)xaeTcsl.

In contrast, if the universe is not
expanding, and the redshift-distance
relationship is due to some other
phenomena, surface brightness is
independent of distance and thus of
redshift. Apparent luminosity decreases
as d?, where d is distance, and angular
surface area decreases by the same
factor, leaving surface brightness
unchanged. Again this relation holds of
all non-expanding models, regardless of
the explanation of the Hubble
relationship.

Hanportus, ecniu Beenennast He pacuupsiercs, 1
3aBHCHUMOCTh PACCTOSHHE-KPACHOE CMEIIICHUE €CTh
CIIEZICTBHE HEKOTOPBIX APYTHX SIBICHHH,
MIOBEPXHOCTHAS SIPKOCTh HE 3aBUCHMAa OT
paccTosIHUS U, TAKUM 00pa3oM, OT KPaCHOI'O
cmemeHust. HaOmromaemast sS(pkoCTh yMEHBIIIACTCS
kak d2, rae d - paccTosiHKe, M yIII0Bas IUIOMaab
MOBEPXHOCTH YMEHBIIACTCS C TEM K€ CaMbIM

K03 PHUIIHEHTOM, OCTABIISS IIOBEPXHOCTHYIO
SIPKOCTh HeM3MEeHHOM. CHOBA COOTHOIICHUE 3TO
OXBATHIBACT BCE HEPACIIUPSIONIUECS MOICIIH,
HE3aBHCHUMO OT O0OBbSICHEHHUS 3aBUCUMOCTH Xa00i1a.

This test is closely related to the angular-
size-redshift relationship, as in any non-
expanding universe 6= k/d, while in an
FRW universe 6 =(z+ 1) k/d . However,
the angular size test somewhat depends
on the specific model or cosmological
parameter set, which determines the
relationship of d to the observable z.

DTOT TeCT OJIM3KO CBS3aH C 3aBUCHMOCTBIO YTIIOBOM
pa3Mep-KpacHoe CMEIIeHHE, TOCKOJIBbKY B JIF000
Hepacmmpsiroreiics Beenennoit 0 =k/d, B To Bpems
kak Bo Bcenennoit FRW 0 =(z + 1) k/d . Ognaxo
TECT YIJIOBOTO pa3Mepa HECKOJIbKO 3aBUCHT OT
KOHKPETHOW MOJICITH WITH MHOYKECTBA
KOCMOJIOTHYECKHUX MTapaMeTPOB, KOTOPOE
OmpeJieIsAeT 3aBUCUMOCTh 0 0T HAabJIF01aeMOTO Z.

The surface brightness test can be
applied to galaxies, since, in the local
universe, there is a relatively tight
correlation of galaxy surface brightness,
u, with galaxy luminosity, M. Therefore
a comparison of the surface brightness of
galaxies with the same luminosity at
different redshifts can distinguish
between the expanding and non-
expanding models. The requirement that
galaxies of the same luminosity be
compared does introduce some
dependence on specific models, as the
determination of absolute luminosity
depends on the relation of d and z, but as
will be seen, model-independent
conclusions can still be drawn.

TecT MOBEPXHOCTHOMH SIPKOCTU MOKET OBIThH
IIPUMEHEH K raJIakTUKaM, ITIOCKOJIBKY, B JIOKaJIbHON
BceneHHoM, eCTh OTHOCHTEIIBHO TECHAs KOPPEIALUs
MMOBEPXHOCTHOM SIPKOCTH |l TaJTAKTUKU CO
cBeTUMOCThI0O M ranaktuku. [Toaromy cpaBHEHHE
ITOBEPXHOCTHOM SIPKOCTH TAJAKTHUK C TOW K€ CaMOM
CBETUMOCTBIO IIPH PA3JINYHbBIX KPACHBIX CMEIEHUAX
MOXKET Pa3IMYUTh PACHIMPSAIOIIUECST U
Hepacupsonecs Mojienu. TpeboBanue, 4ToObI
TaJIaKTUKHA C OJUHAKOBOH CBETUMOCTBIO OLLIH ObI
CPaBHMMBIMH, I€HCTBUTENIBHO MPEICTABUIN
HEKOTOPYIO 3aBUCUMOCTb OT CIIeHU(PUUECKUX
MoOJIeJIeH, TOCKOJIBbKY OIpeieIeHne a0COMIOTHOM
CBETUMOCTH 3aBUCHT OT COOTHOMLICHUs O U Z, HO, KaK
OyzeT 3aMeueHo, He3aBUCUMBbIE OT MOJIEJIN BBIBOBI
BCE K€ MOTYT OBbITh CIIEJIaHBbI.

Early studies of the 6-z relationship using
the linear extent of radio lobes in radio
galaxies and quasars indicated a good
agreement with the non-expanding
model, assuming d=cz/H, as it is at low
2.2 But this was generally interpreted as
evidence that these objects were

Pannue nccnenoBanus 0-z 3aBUCIMOCTH,
UCTIONB3YIOLIME JTUHEHHOE pacTsKEHUE Pauo-
JIETIECTKOB B paJIMOTaJIakTUKAX M KBa3apax MOoKa3ajan
XOpOIlIee COrJIaCOBaHUE ¢ HepacIIupsoLeics
MoJenbto, mpuHuMas d=cz/H, mockonbKy OHM UMeeT
mauble Z.[2] Ho 310, B 00111€M, HHTEPIIPETUPOBATIOCH
KaK JIOKa3aTeIbCTBO, YTO 3TH OOBEKTHI ObUIH




physically smaller in the past, rather than
as confirmation of a non-expanding
universe. There was no evidence for this
ad-hoc interpretation, however. An
attempt was made to instead use compact
radio sources as a standard ruler®, and
initially it was claimed that these objects
followed the 0-z relationship predicted
by FRW models. Later analysis *
demonstrated that the large scatter in the
size of the milliarcsecond sources and
sample bias due to orientation made it
almost impossible to draw conclusions
from these objects.

(GU3HYECKH MEHBIITUMU B MPOIILJIOM, a HE KaK
MIOATBEPKIACHHUE HEpacIUpstoLelics BeenenHon.
OnHako He OBLIIO HUKAKOI'O JTOKA3aTelIbCTBA JJIs
TaKOW MHTEPIpETaly AJisl JAHHOTO ciiydas. Bmecto
9TOro OkLIa cJIejIaHa ITOBITKA HCITOJIb30BaTh
KOMIAKTHBIC PAIMOUCTOYHHUKY KaK CTaHAapTHAs
nuHerKa [3], 1 mepBoHAYaIbHO OBLIO MOTPEOOBAHO,
4TOOBI 3TH 0OBEKTHI CAeA0BaIN 0-Z 3aBUCUMOCTH,
npeackazanHoit moaensimu FRW. bonee no3anuit
aHanu3 [4] IpoJEMOHCTPUPOBAIL, YTO OONBIION
paszbpoc B pazMepe MUJUTHAPKCEKYHIHBIX
UCTOYHUKOB M CMEIIIEHUE BBIOOPKU H3-3a
OpUEHTAIMS ClIeJIajl TOYTH HEBO3MOXHBIM CIIETIaTh
BBIBOJIBI U3 9THX 00BEKTOB.

Extensive optical and UV data on the
size and surface brightness of high-z
galaxies became available with the
release of data from the Hubble Deep
Field and more recently the Hubble Ultra
Deep Field (HUDF). Preliminary
analysis of this data indicated clearly that
with ordinary galaxies, as with radio
lobes, 6 ~1/z, consistent with the non-
expanding model and in sharp
contradiction to FRW predictions>,6
Again these results were interpreted as
size evolution of galaxies-as evidence
that galaxies were smaller in the past, not
as a test of the basic cosmological model.

OO6mmpHbIe onTrueckue U YD naHHbIe
OTHOCUTEILHO pa3Mepa U MOBEPXHOCTHOU SIPKOCTHU
raJIaKTUK ¢ OOJBIIMMHU Z CTaJIA JOCTYIHBIMU MOCHE
nyOMKanuu TaHHBIX TpoekToB ['my6okoe Ilomne
Xab6ma u, coBceM HenmaBHo, Kpaiine ['imy6okoe [Tone
Xab6ma (HUDF). IIpenBapuTenbHbIi aHATH3 ITHX
JAHHBIX SICHO yKa3al, YTO C OOBIKHOBEHHBIMU
raJlakKTUKaMH, KaK ¥ ¢ paino-lienecTkamu, 0~1/z, uto
COBMECTHMO C HEPaCIIUPSIOUICCS MOACIBIO U
HaxOJUTCA B pe3KoM nporuBopeunu ¢ FRW-
npeackazanusiMu [5,6]. CHOBa 3T pe3yJibTaThl
MHTEPIPETUPOBAIUCH KAK IBOJIIOIMS pazMepa
TAJAKTUK U KaK JJOKA3aTeJIbCTBO TOTO, YTO
TaJIaKTHKH ObLTM MEHBIIMMH B MIPOIILIOM, a HE KaK
TECT OCHOBHOU KOCMOJIOTHYECKON MOJIENH.

Given the lack of data on high-z galaxies
prior to 2003, use of the surface
brightness test, also know as the Tolman
test, was limited. Pahre, et a1’ in 1995
compared galaxy surface brightness from
three cluster out to z=0.41 and Lubin and
Sandage in 2001° used clusters up to
z=0.9. In both cases, they concluded that
surface brightness decreased with z but at
a rate much less than that predicted than
by FRW. Oddly, they concluded that this
supported the FRW model, with
evolution of surface brightness-brighter
galaxies in the past-but excluded the non-
expanding model with evolution-dimmer
galaxies in the past. No justification was
given for this argument. These studies
were limited both by the modest redshifts
involved and by the very limited

VYuureiBas orcyTcTBHE JaHHBIX 10 2003 rosna o
rajlakThKax ¢ OOJNbIINMU Z, UCIIOJIb30BAHUE TECTA
MOBEPXHOCTHOM SIPKOCTH, TAKKE U3BECTHOTO KaK
tect TonmMena, 6pu10 orpanndeHHbIM. [1axp (Pahre)
u 1p.[7] B 1995 cpaBHMIM TOBEPXHOCTHYIO SIPKOCTh
TaJlakTUK B Tpex kiactepax a0 z=0.41 u JlrvoOuH u
Connumx B 2001 [8] ucnonp30Bainu KIacTepsl 10
7z=0.9. B 00oux ciaydasx OHM 3aKJIFOYUIIH, YTO
MOBEPXHOCTHAS PKOCTh YMEHBIIUIIACH C Z, HO TIO
TEMITy HAMHOTO MEHBIIIUM TEMIIOM, YeM
npeackazano FRW. CtpanHo, oHM 3aKITIOUUITH, YTO
310 oaaepxkaino Mmoaeas FRW, ¢ aBomtonuen
MOBEPXHOCTHOM APKOCTH (00JIee SIpKUX rajJakTUK B
MPOIIIOM), HO UCKITIOUMIIM HEPACIIUPSIIOIIYIOCS
MOJIEJIb C ABOJIIOLIMEN — MEHEE IPKUMU T'aJJaKTUKaMHU
B nponuioM. Hukakoe o60cHOBaHME HE OBUIO TaHO
JUTSI 9TOTO apTyMEHTa. DTH U3YUICHHSI ObLTH
OTpaHUYEHBI KaK UCTIOJIb30BAaHUEM CKPOMHBIX
KpPACHBIX CMEIIICHHUM, TaK U 04YC€Hb OTPAHUYCHHBIMHU




samples, which were not necessarily
unbiased, consisting only of galaxies in
large clusters.

BbIOOpKaMH, KOTOpbIE ObLITN HE 00513aTEIBHO
HECMEUICHHBIMHU, COCTOS TOJIBKO U3 TAaKTHK B
00JIBIINX KJIacTepax.

On the other hand, Andrews concludes
that the surface brightness of brightest
cluster galaxies is entirely compatible
with the non-expanding universe
hypothesis, although his data is also
limited in redshift.” Also Jones and
Disney concluded that the Hubble Deep
Field data could not easily be explained
by the conventional model. *°

C npyroi CTOpOHBI, DHIPIOC 3aKI0YAET, YTO
MOBEPXHOCTHAS IPKOCTh CaMBIX SIPKUX TaJIaKTUK
KJIacTepa MOJHOCTHIO COBMECTUMA C TUTIOTE301
Hepaciupsoneics BeeneHHo, X0Ts ero 1aHHbIe
TaK)K€ OrPaHUYEHBI B KPACHOM CMelleHuH [9],
Taxxe J>xoHC 1 J{McHEeH 3aKII09YMIN, YTO JaHHBIC
o rpoekty I'my6okoe [Tosre Xa661a He MOTIH OBITH
JIETKO O0BSICHUMBIMHU TIPUHATON MOJ1eb10.[ 10]

The present study remedies the
limitations of earlier studies. It is the first
to use the high-z data from HUDF, which
extends up to z=6, combined with very
extensive low-z data from GALEX, with
redshifts provided by the Sloan Digital
Sky Survey (SDSS). By using high-z
data, we can much more decisively
distinguish between the FRW and non-
expanding predictions, since at z=6, the
surface brightness predictions of the two
models differ by a factor of 7° or 343. In
addition, as will be shown, the redshifts
are sufficiently great that the
evolutionary modification of the FRW
predictions can be tested in a definitive
manner.

JlanHoe ucciieJoBaHUE UCIIPABIISET HETOCTATKU
0oJiee paHHUX U3YYCHUN. ITO SBISETCS TIEPBHIM,
4TOOBI UCII0JIB30BaTh BhICOKMe-Z nauable oT HUDF,
KOTOPBIN MIPOCTUPACTCS A0 Z=6, KOMOMHUPOBAHHOTO
C OYEHb OOIIUPHBIMU HUZKUMHU-Z JAHHBIMU OT
GALEX, ¢ kxpaCHBIMU CMEIICHUSIMHU, CHA0KECHHBIMU
[udposeim O630pom Heba Sloan (SDSS). Ipu
UCTIOJIb30BaHUH BBICOKUX-Z TAHHBIX MBI MOKEM
HaMHOTO 0oJiee pemmuTenbHo pa3nuanth FRW u
HEepacCIIUPAIONINECs peIcKa3aHusl, IOCKOJIbKY MPH
7=6 npejacKa3zaHus MOBEPXHOCTHOM SPKOCTH JIBYX
Mozeneii oTIuaroTes koodduiuentom 7° = 343.
Kpowme Toro, kak OyJeT mokazaHo, 3TU KpacHbIe
CMEIIEHHUS JOCTATOYHO OOJIbIINE, YTOOBI
npeackazanue FRW no sBosroninoHHOMY
M3MEHEHUIO MOTJIO OBITH TPOBEPEHO
ONIPEACIISIONIUM 00Pa30M.

2. TEST OF EUCLIDEAN NON-
EXPANDING UNIVERSE

2. Tect eBKIANI0BON HepacHIUPsIIOMIEHCS
Bcenennoi

2.1 Data Description

2.1 Onucanve TaHHBIX

For this study, the high-z data, derived
from the HUDF images, consists of a
number of data sets. The highest-z set
consists of i-drop galaxies, which are
galaxies selected by photometric color to
have z~5.5-6.5. These have non-
detection in the 606 nm v band and i'-
z'>1.4, where i' is AB apparent
magnitude in the 775 nm band and z' is
the same in the 850 nm band. This data Il
consists just of 850 nm half-light radii
and 850 nm AB magnitudes for each of
38 galaxies. Similarly, the v-drop
galaxies, selected in a similar manner,
have average redshifts of 4.9 and the
same data for each of 156 galaxies. The

Jyist 5TOTO M3y4YeHHsI TaHHBIE ¢ OONBIINMU Z,
nonyueHHsle u3 n3oopaxenuit HUDF, conepxar
MHOTO Ha0OpOB aHHBIX. Habopkl ¢ caMbiMu
OOJIBIINMHE Z COJICPIKAT rajJakTuku i-drop, KoTopbie
SIBJISTFOTCSI TATAKTUKAMU, BBIOPAHHBIMHU
(OTOMETPUYECKUM I[BETOM, YTOOBI UMETh Z~5.5-6.5.
VY HuX ecTh HeOOHapyxeHue B 606 HM v Juana3oHa
ni'-z>1.4, roe i' - AB-Buaumast 38.BeIMYMHA B
Janas3one 775 HM, U Z' IBJSI€TCS TEM KE CaMbIM B
nuana3zone 850 Hm. Otu nannsie [1 cogepxaT TOJIbKO
MOJIOBUHHBIE CBETOBBIE paINyChI 17151 850 HM 1
3B.BesmunH AB it 850 aM mrs kaxkoon 3 38
rajakTuk. TOYHO Tak ke y rajakTuk V-drop (V-
CHIDKEHHUA?), BBIOPAHHBIX MTOI00HBIM CIIOCOOOM,
€CTh Cpe/IHHEe KpacHble cMeleHus 4.9 u te xe
caMble TaHHBIE I KaXXKIou U3 156 rajakTHk.




third set was created by collating
together a set of 1727 galaxies observed
by NICMOS, which had photometric
redshifts, with 7016 galaxies in the UDF-
z catalog, which have 850 nm AB
magnitudes and half-light radii,
producing a set of 523 galaxies in both
data sets'**®, This third NICMOS-HUDF
data set also contains other data on each
galaxy, including ellipticity, and size and
magnitude in other bands. This third data
set was used for galaxies having
photometric redshift from 2.5 to 4. For
2.5<z<6, the 850 nm bands correspond to
at-galaxy wavelengths of 242-121 nm, in
other words from near to far UV. (The
term "at-galaxy" is used, rather than "rest
frame' since it applies to both expanding
and non-expanding models.)

TpeTbe MHOKECTBO OBLIO CO3aHO, COTIOCTABIISIS
BMecTe paa u31727 ranakTuk, HaOI01aeMbIX
NICMOS, y xotoporo 6but (poTOMETpHUUECKHE
KpacHble cmenieHus, ¢ 7016 rajakTukamu B
karasore UDF-z, y KOTOpBIX €cTh 3B.BeIMYUHBl AB
Ha 850 HM U MOJOBUHHBIE CBETOBBIE PAJNYCHI,
npou3Bens psija U3 523 rajakTuk B 000uX psaax
naHHbIX [12,13]. DTOT Tpetuit Habop JaHHBIX
NICMOS-HUDF Ttakxe conepXut ApyTrue JaHHBIS
OTHOCHUTEJIbHO Ka)KJJ0M rajJakTUKH, BKIFOUYas
SJUTMIITUYHOCTD, ¥ pa3Mep U 3B.BETUUUHY B IPYTUX
quana3oHax. ITOT TPeTUi Habop JaHHBIX
WCITOJIH30BAJICS JJIS TATaKTHUK, UMEIOIITNX
doTromeTpuyeckoe KpacHoe cMmeleHue ot 2.5 1o 4.
Host 2.5 <z <6, 850 HM ramna3oHbl COOTBETCTBYIOT
JUTMHAM BOJIH B rajaktuke 242-121 um, gpyrumu
CJI0BaMH OT OJIM3KOro 110 nanbHero Y d
(ucmosp30BaH TEPMHUH "B rajlakTHKe", a He
"mokosmasics CO', MOCKOJIBKY 3TO OTHOCUTCS U K
PACHIMPSIFONIMMCS. M HEPACIIUPSIOIIMMCS] MOJIEIISIM. )

The low-z comparison data set consists
of galaxies that are both in the GALEX
data sets and have good spectroscopic
redshifts from SDSS. Two GALEX data
sets are used-the All Sky Imaging Survey
(AIS) and the Medium Imaging Survey
(MIS), which has longer exposure times.
The AIS+SDSS set consists of 28,394
galaxies while the MIS+SDSS sample
consists of 10,150 galaxies. These data
sets contain AB magnitudes and half
light radii at FUV (155 nm) and NUV
(230 nm) bands, redshifts, as well as data
for the SDSS optical bands. All the data
will be made available online.

Habop cpaBHeHUSs JaHHBIX C MAJIBIMU Z COCTOUT U3
rajlakTHK, KOTOpbIE IPUCYTCTBYIOT M B HAOOpax
nanHbiX GALEX ¥ MMEIOT X0polne CrieKTpaJbHbIe
KkpacHble cmenienus ot SDSS. /IBa Habopa qaHHBIX
GALEX ucnons3ytores npoekramu «Becs O630p
u3o0paxxenuii Heba» (AIS) u «Cpennuit O630p
n3oopaxenuin» (MIS), y koTopoii 6osee TTuHHOE
BpeMs skcnionnpoBanusd. AIS+SDSS conepxut

28 394 ramaktuk, B To Bpems kak MIS+SDSS
conepxHut BIOOpKy 10 150 ramaktuk. Ot HabOPHI
JAHHBIX COZAEPIKaT 3B.BeTMUUHBI AB 1 Mo0BUHHBIE
cBetoBble paguycel B FUV (155 am) u NUV (230
HM) JIMara3oHax, KpacHble CMEIICHUs, TaK e Kak
MaHHBIE O ONTUYECKUX auana3oHoB SDSS. Bee
JaHHbIE OYAYT CAeIaHbl JOCTYITHBIMHU OHJIAMH.

2.2 Model to be Tested and Sample
Selection

2.2 MoaeJnb 1Ji1 TeCTa U BLIOOP BHIOOPKH

The flrst surface brightness test is of the
non-expanding universe hypothesis.
Although all non-expanding models
predict a constant surface brightness, the
dependence of surface brightness, z, on
galaxy luminosity, M, necessitates
selecting a particular relationship
between z and d. Figure 1 shows the pu-M
relationship for low-z galaxies observed
in the FUV band. For clarity, M is
defined as m-5 Log z, where m is the

[IepBrlii TECT MOBEPXHOCTHOM SIPKOCTHU OYIET ISl
TUIIOTE3bI Hepaciupsitoleiics Beenennoit. XoTs Bce
HEPACLIUPSIOIINECS MOJIETH NPEACKA3bIBAIOT
MOCTOSIHHYO IOBEPXHOCTHYIO SIPKOCTb,
3aBUCHUMOCTb TIOBEPXHOCTHON SIPKOCTH L OT
CBETUMOCTH TaJlakTUKH, M., TpeOyeT BbIOHpaTh
cneunpuyeckoe OTHOIIeHHEe Mexay z U d. PucyHok
1 mokassiBaet [1-M 3aBUCUMOCTD ISl TAIAKTHK C
MaJlbIMH Z, HaOmogaeMbIX B auamnasone FUV. Jls
npocToThl M. onpeaeneHo kak M-5 Log z, roe m
ABJIIETCSL U3MEpEHHON AB-3B.BeIMUMHON. OTH




measured AB magnitude. These values
can be converted into conventional
absolute magnitudes Maps= M-43.0. For
comparison, in these units, the
luminosity of the Milky Way is 23.3.
Surface brightness is in AB magnitudes
per arcsec’, and again the Milky Way's
surface brightness is about 24 magi
arcsec®. As mentioned in section 1, given
the p-M relationship, galaxies of the
same M must be compared for surface
brightness. Since determining M requires
knowing d, which cannot be directly
measured at high z, a specific
relationship of z with d must be assumed.

3HA4YCHUSI MOTYT OBITH IPe0Opa30BaHbI B YCIOBHBIC
a0COIMIOTHBIC 3B.BeIMUMHBI Maps= M-43.0. Jlns
CPaBHEHMSI, B TUX €AUHUIIAX, CBETUMOCTh
Maineunoro mytu 23.3. [loBepxXHOCTHas IPKOCTh
HaxomutTcsa B AB-3B.BemunHax Ha arcsecz, U1 CHOBA
IIOBEPXHOCTHAs IPKOCTh MIIEUHOTO Iy TH -
npuOIU3UTENBHO 24 mag/arcsecz. Kax ynomsnyto B
Paznene 1, natomiem p-M 3aBUCHUMOCTD, TaTaKTUKH €
OJIMHAKOBOI M. TOJKHBI OBITH CPAaBHEHBI 110
IIOBEPXHOCTHOM ApKOCTH. IIoCKONIBKY onpeznenenue
M. tpebyert 3HaHus d, KOTOPOE HE MOXKET OBITH
IPSMO U3MEPEHO B BHICOKOM Z, 10JIKHA OBITh
NpUHSATA CHIEIMATIbHAS 3aBUCUMOCTb Z OT d,

#IAD Wagihrcne:

v

FIGURE 1. Surface brightness p vs
galaxy absolute luminosity M=m-5Log z,
where m is FUV apparent magnitude in
AB magnitudes for GALEX MIS
galaxies with SDSS redshift for the range
0.135<z<0.16.

Puc.1. IToBepXHOCTHAs PKOCTH | TaJaKTUKH
MIPOTHUB €€ a0COMOTHON CBETUMOCTH

M=m-5Log z, tie m - Buaumas 3B.BenimunnHa B FUV
B AB-3B.Benmmunnax st GALEX MIS ramakruk ¢
KpacHbIM cMemenueM SDSS g nuanazona 0.135
<z <0.16.

Here it is assumed that d=cz/H for all z,
as it is observed to be at low z, where d
can be independently measured. This
assumption is chosen because it requires
no speciflc hypothesis of the mechanism
that generates the redshift, but merely
extrapolates the known behavior of the
redshift-distance relation that has been
observed. The effect of alternative d-z
relationships will be briefly examined in
section 4. In addition, we assume no
evolution in the pu-M relationship.

3nech npunaTo d=cz/H st Bcex z, MOCKOIBKY 3TO
HaOI0JaeTCsl TPU HU3KOM Z, T71e d MOXKeT OBbITh
HE3aBHCHMO U3MEPEHO. DTO MPEIITOIOKCHHE
BBIOpaHO, TOTOMY YTO OHO He TpeOyeT HHUKaKOi
CICIIMATEHOM TUTIOTE3bl MEXaHNU3Ma, CO3/Iaf0IIero
KpacHOe CMEINIeHHE, HO TPOCTO IKCTPATIOIHPYET
M3BECTHOE TIOBEJICHUE COOTHOIICHHS PacCTOsSHUE-
KpacHOe CMeNIeHne, KoTopoe Habmo1anock. Jddext
anbTepHATUBBI d-Z 3aBUCUMOCTH Oy/IeT KpaTKo
uccienonad B Paznene 4. Kpome Toro, Ml He
mpeJoiaraeM dBOTIOIHHY B [1-M 3aBucumocTu.

In selecting specific samples of high-z
and low-z galaxies to compare, several
considerations are important, in addition

[Tpu otGope crierudruecKkux BEIOOPOK ralakTUK ISt
CpaBHEHMsI, BaXKHbI HECKOJIBKO paCCMOTPEHHI, B
JIOTIOJIHEHHE K OTOOpY JIJIsl OJMHAKOBBIX 3HAUEHU




to selecting for similar ranges of M.

First, u also varies with wavelength, A, so
the at galaxy A of the high and low-z
samples must be matched a closely as
possible.

M. Bo-nepBbIX, L TAKKE MEHSETCS B 3aBUCUMOCTH
OT JIJTUHBI A BOJIHBI, TAKUM 00pa3oM, A B TaJTAKTHKE C
OOJIBIIMM WJIH MaJIbIM Z B BEIOOpKAX JOKHO
COOTBETCTBOBATH OJIU3KO HACKOJILKO BO3MOYKHO.

Second, the sample's lowsize cutoffs, the
smallest galaxy that can be observed,
must be matched. The HUDF sample has
a 0.03" pixel size, but in practice the
minimum observable galaxy radius is
0.06". GALEX has a 1.5" pixel size and
due to different image processing, the
smallest galaxies in the AIS sample have
radii of 1.5" and those in MIS 1.8".To
test the non-expanding hypothesis, we
must compare samples that have the
same cutoff in physical size, so we need
samples whose cutoff have the same 6d
or 0z. Note that sample selection depends
here on the z-d relationship assumed.
Third, we require that both high and low-
z samples have adequate size for accurate
statistics.

Bo-BTOpBIX, HUKHHI TOPOT pa3MeEPOB BHIOOPKH,
HAMMEHBIIIAs TAJJAKTHKA, KOTOPAst MOYKET
HaOJII01aThCs, TOKE JIOJIKEH COOTBETCTBOBATh. Y
BbIOOpkH HUDF ectb pazmep nukcenu 0.03", Ho
NPaKTUYECKH MUHUMAJIbHbBIN Ha0It0JaeMblil paanyc
ranaktuku 0.06". Y GALEX pa3mep nukcenu 1.5" u
U3-3a pa3IMYHON 00pabOTKU N300pAKEHUS, Y
HAaMMEHBIIINUX TAJIAKTHK B BEIOOpKE AlS pamuycsl
1.5",aB MIS - 1.8". Jlng npoBepku
HEePaCIINPSIFOIIEHCS THITOTE3BI MBI JIOJKHBI
CPaBHUTH BHIOOPKH, Y KOTOPBIX €CTh TOT K€ CaMblii
MOpOT B (husuyeckom pazmepe, TakuM 00pa3oM Mbl
HY/1aeMCsl B BBIOOPKaX, OTCEYKA KOTOPBIX UMEIOT
T0 ke camoe 0d unu 0z. 3ameThTe, YTO BEIOOPKA
3aBHUCHUT 3/1€Ch OT MPUHATOH 3aBucuMocTH z-d. B-
TPETHUX, Mbl TpeOyeM, UTOOBI Y BHIOOPOK U C
OOJBIIMMHU, ¥ ¢ MAJIBIMU Z OBLJT aIeKBAaTHBII pa3mep
JUTSE TOYHOCTH CTaTHCTHKH.

Finally, we have to avoid selection
effects that imposes a large-size cutoff.
The selection criteria and methods of
observation of SDSS eliminate some of
the galaxies with largest angular
dimensions, a selection that varies with
apparent magnitude. This effect, which
can artificially truncate the low-z surface
brightness distribution, is less significant
with the deeper-exposure MIS sample
than with AIS. As will be shown, with
proper selection of samples, this effect
can be avoided.

Haxkowner, Mbl 10/KHBI U30€kaTh 3P PeKTOB BbIOOpA,
KOTOPBIN Hajnaraer BepxHui nopor. Kpurepun
orbopa u Metoabl HabmoaeHus 3a SDSS oTeepraroT
HEKOTOPbIE U3 TAJIAKTHK C HANOOJBIIMMHU YTIIOBBIMHU
BEJIMYMHAMHU, BEIOOP, KOTOPBIN MEHsIETCS B
3aBUCHMOCTH OT BUJIMMOU 3B.BEJIMYUHBI. DTOT

3¢ deKT, KOTOPBI MOXKET UCKYCCTBEHHO OTCEUb
pacrpeiesieHne MOBEPXHOCTHOE SIPKOCTH JIJIST MaJIbIX
Z, MEHee CyIlleCTBeHEeH A BeIOOpok MIS ¢ Gonee
riyo6okoi skcnosunueit, uem y AlS. Kak Oyzaer
MOKa3aHo, JUI SICHBIX BEIOOPOK 3TOr0 3 deKxra
MO>KHO M30€XKaTh.

The first high-z data set is the i-drop set
centered at z=6. The 850 nm z-band
corresponds to an at-galaxy A of 121 nm.
As can be seen from figure 2, the i-drop
galaxies are concentrated into a narrow
range of M, so the range from 23-24 is
selected, which gives N=25 galaxies. The
low-size cutoff is 6z=0.36, which is a
physical radius of 7 kpc for H=75
km/sec/Mpc with d=cz/H. At low-z, the
FUV 155 nm band corresponds to an at-
galaxy A of 121 nm for z=.281. At this z,

[IepBrl1ii HAOOP TaHHBIX C OONBIIUMU Z - MHOKECTBO
I-drop, ¢ ieHTpoM B z=6. Z-auamna3oH Ha 850 HM
COOTBETCTBYeT B rajaktuke A=121 um. Kak moxet
ObITH 3aMedeHo Ha Puc.2, i-drop razakTuku
CKOHIICHTPUPOBaHbI B Y3KOM HHTepBasie M , Takum
o0pa3om, BeIOpaH nHTepBal ¢ 23-24, KOTOpBIN AaeT
N=25 ramaktuk. [Topor HmxHero pazmepa 6z=0.36
apisieTcs puznyeckum paguycom 7 kpe ans H=75
km/sec/Mpc npu d=cz/H. [{nst Mansix z, Tuana3ox
155 um FUV cootBercTByeT B ranaktuke A =121 um
g z =0.281. 111 TAKUX Z €CTh CIIMIIKOM HEMHOI'O
rajakTuk B BeIOOpke MIS, Ho BbIOGOpKa AILS




there are too few galaxies in the MIS
sample but the AIS sample meets all our
criteria. To match the proportional range
in z of the high-z sample of about 5.5-
6.5, we select a low-z range of .263-0.3.
Within this range the low-z sample
contains 47 galaxies, an adequate
number. The low-size cutoff is 8.2 kpc.
The large-size cutoff is not a problem,
since this sample contains no galaxies
larger than 4.5", yet within the sample
range of m, galaxies with 0 as large as
10" are contained in the overall AIS-
SDSS sample. To match the samples as
closely as possible, we also eliminate the
brightest galaxy in the low-z sample,
leaving 46, so that average M in the low-
z sample is 23.50 and in the high-z
sample are 23.49.

COOTBETCTBYET BCEM HAIIUM KpUTepusiMm. YToObI
COOTBETCTBOBATH MPONOPLUOHATBHOMY JAHANIA30HY
10 Z ¥ JUT1 BBIOOPKH € OONBIIMMHU Z OKOJIO 5.5-6.5,
MBI BbIOMpaeM HU3KHii-z auanason 0.263-0.3. B
npejienax 3Toro Auana3oHa BbIOOpKa ¢ MajabIMU Z
coJiepxHuT 47 ranakTuk, aaekBatHoe yucio. [Topor
HIKHETo pa3mepa - 8.2 kpc. [lopor BepxHero
pasmepa - He IpobiieMa, HOCKOJIbKY 3Ta BIOOpKA HE
COJICPXKUT TAJIAKTHK, OOJBIINX yeM 4.5", XOTs B
npezenax UHTepBajia m 3TOi BEIOOPKH, TaJaKTHK ¢ O
nopsinka 10" comepxxarcs B mosiHO# BeiOOpke AlS-
SDSS. UTo6bl COOTBETCTBOBATH BEIOOPKaM
HACTOJIbKO OJIM3KO HACKOJIbKO BO3MOXKHO, Mbl TaKXKe
0TOPaKOBBIBAEM CAMYIO SIPKYIO TaIaKTUKY B
BbIOOpPKE C MaJIbIMU Z, OCTaBUB UX 46, TaK 4TO
cpeanee M B BbIOOpKe ¢ MabIMU Z paBHO 23.50, u B
BBIOOpKE C OoNbIMMU Z - 23.49.

ACh_2. The data set with centre in z=6
cannot match to a relation d=cz/H as this
formula cannot be applied at z > 1. For
all z> 0.2 it is necessary to use the law
d=(c/H)In(1+z). Therefore it is necessary
to take M=m-5Log(In(1+z)), instead of
M=m-5Log z.

AY_2. Habop IaHHBIX C LIEGHTPOM B Z=0 HE MOXET
yIIOBJIETBOPATH CoOoTHOMIeHUIO d=cz/H, Tak kak 3ta
(dopMyiia He MOKET PUMEHATHCS Jist Z>1. st Beex
2>0.2 caenyer ucnonb3oBaTh 3akoH d=(c/H)In(1+2).
[MosTomy HyxHO Opate M=m-5Lo0g(In(1+2)), a He
M=m-5Log z.

U s npeamnonararo, 4To pa3dpoc TOYEK Ha PUCYHKAX
YMEHBIINTCS.
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FIGURE 2. Surface brightness p vs
galaxy absolute luminosity M=m-5Log z,
where m is 850 nm (z-band) apparent
magnitude in AB magnitudes for HUDF
i-drop galaxies with photometric z=6.

Puc.2. [ToBepxHOCTHAs IPKOCTH |L TAJJAKTUKH B
3aBHCUMOCTH OT €€ a0COIIOTHOM CBETUMOCTH
M=m-5Log z, rae m - BuauMas 3B.BenuarHa Ha 850
HM (z-auana3on) B AB-3B.Benununnax aias HUDF i-
drop ranakTuk ¢ pOTOMETPUIECKUM KPACHBIM
CMeIleHuEeM z=6.




The second high-z data set is the v-drop
set centered at z=4.9. The 850 nm z-band
corresponds to an at-galaxy A of 144 nm.
This data set is shown in Figure 3. On the
one hand, it's desirable to choose
galaxies that are close in M to that of the
i-drop sample, so that similar galaxies
can be compared at different z. On the
other hand, it is important to maximize
the number of galaxies in the sample. So
here the range of M from 23.5-24.5 is
selected, giving N=45 galaxies. The low-
size cutoff is 62=0.29 or 5.7 kpc. At low-
z, the FUV 155 nm band corresponds to
an at-galaxy A of 144 nm for Z=.076.
However at this z there are too few
galaxies in either AIS or MIS sample and
the low-size cutoff at 2.7 kpc is too
small. To attain adequate sample size, we
select the redshift range 0.135<z<0.16 in
the MIS sample, which has a low-size
cutoff of 5.1 kpc. This sample has an at-
galaxy A centered at 135 nm. As can be
seen from Fig. 1, the 23.5-24.5 range is
necessitated to get adequate numbers in
the low-z sample. There are 69 galaxies
in this range, of which none are smaller
than the high-z cutoff of 5.7 kpc. The
large-size cutoff is not a problem, since
this sample contains no galaxies larger
than 17", yet within the sample range of
m, galaxies with 8 as large as 24" are
contained in the overall AIS-SDSS
sample. To match the samples as closely
as possible, we also eliminate the 12
dimmest galaxies in the low-z sample,
leaving a total of 57, so that average M in
both the low-z sample and in the high-z
sample is 24.19.

BropsiM HaOOpOM AaHHBIX € OOIBIIUMH Z SIBISETCS
MHOecTBO V-drop, ¢ ueHtpoM B z=4.9. Z-nuana3on
Ha 850 HM COOTBETCTBYET B rajlakTuke A=144 HMm.
OrtoT Habop AaHHBIX noka3aH Ha Puc.3. C ogHol
CTOPOHBI, JK€JIaTeIbHO BHIOPATh TaJJaKTUKU, KOTOPBIE
Om3ku 1o M K ranakTHKam u3 BeIOOpKH i-drop, Tak,
YTOOBI [10100HBIE TaTaKTUKU MOKHO OBLIO CPAaBHUTh
IIpH pa3iauuHbIX z. C Ipyroi CTOPOHbI, BAXKHO
MaKCHMHU3HPOBATh YUCIIO TaJJaKTUK B BHIOOPKE.
Taxum oOpa3omM, 3aech BbIOpaH uHTEpBaI M 23.5-
24.5, narommii N=45 ramaktuk. [lopor HIDKHETO
pa3mepa 0z=0.29 unu 5.7 kpc. [{nst mansix z,
nuanasoH 155 uM FUV cooTBeTCTBYET B rajlakKTHKE
2=144 um g z =0.076. OxHAKO B DTOM Z €CTh
CIUIIIKOM HeMHOrue ranakThku u B AIS, u B MIS
BBIOOpKE M IOPOT HUXKHETo pa3mepa 2.7 kpe
ABJIIETCS CIIMIIKOM HEOOJbIIUM. UTOOBI JOCTUTHYTh
aJIeKBaTHOT'O pa3Mepa B BBIOOPKE, Mbl BEIOUpaeM
uHTepBaj KpacHoro cmerienus 0.135 <z <0.16 B
BeIOOpKe MIS, y KoTOpOii mopor HUXKHEro pa3mepa
5.1 kpc. ¥ 31011 BBIOOpKU A B rajlakTHKE
neHTpuponana Ha 135 HM. Kak MoxeT ObITh
3amedeHo u3 Puc.1, Tpebyercs untepsan 23.5-24.5,
4TOOBI MOJIyYUTh aJIeKBaTHbIE YKCIIa B BEIOOPKE C
MasbIMu z. B 3TOM nHTEpBalie ecth 69 ranakTuk, u
pa3Mep HU OJIHA U3 HUX HE MEHbIIIE YeEM HWKHUN
nopor 5.7 kpc nnst 6onbiiux z. Bepxuuit mopor - He
npobiema, IOCKOJIBKY 3Ta BBIOOPKa HE COAEPIKUT
raJakTuK, Oonpmux uem 17", XoTs B mpenenax
UHTEpBaJia M 3TOI BEIOOPKH, TaJaKTHKH ¢ O mopsiika
24" conepxarcs B moHO# BeIOOpke AIS-SDSS.
YToObl COOTBETCTBOBATH BHIOOPKAM HACTOJIBKO
0JIN3KO HACKOJIBKO BO3MOKHO, MbI TaKXKe
0TOpakoBbIBaeM 12 caMbIX TYCKJIbIX TaJaKTHK B
BbIOOpPKE C MaJIbIMU Z, OCTaBUB B OOIIEH CI0KHOCTU
ux 57, Tak 4To cpenHee M B BBIOOpKE C MAJIBIMU Z U
B BBIOOpKE ¢ Ooibmumu Z - 24.19.
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FIGURE 3. Surface brightness p vs
galaxy absolute luminosity M=m-5Log z,
where m is 850 nm (z-band) apparent
magnitude in AB magnitudes for HUDF
v-drop galaxies with photometric z - 4.9.

Puc.3. IloBepxHOCTHAs IPKOCTH | TaJTaKTUKH
IPOTHUB €€ a0COIIOTHOM CBETUMOCTH
M=m-5Lo0g z, rie m - 850 uM (z-1uana3oH)
BUJMMas 3B.BeJIMurHa B AB-3B.BenmnunHax ass
HUDF v-drop raiakTik ¢ (pOTOMETPHYESCKHM
KpacHBIM cMeneHueM z - 4.9.

The last high-z data set consists of those
galaxies with z=2.5-4.0 in the NICMOS-
HUDF data. This range was chosen to lie
below the range of the v-drops but to still
have sufficiently high z so that the 850
nm band could is compared with
GALEX data. The 850 nm band
corresponds to an at-galaxy A of 170-242
nm with an average of 200 nm. The data
set is shown in Figure 4. Again the range
of M from 23.5-24.5 is selected, giving
N=32. The low-size cutoff averages
8z=0.20 or 3.8 kpc. At low-z, the NUV
230 nm band corresponds to an at-galaxy
A of 200 nm for z=1.15. We get adequate
sample size for z=0.11-0.13 with a low-
size cutoff of 4.2 kpc and A of 205 nm.
The large-size cutoff is not a problem,
since this sample contains no galaxies
larger than 13", yet within the sample
range of m, galaxies with 0 as large as
20" are contained in the overall AlS-
SDSS sample. For M=23.5-24.5, N=96,
and again the 20 dimmest galaxies are
eliminated to create a final sample of 76
galaxies with average M of 24.06,
identical with the high-z sample.

[Tocnennum HaGOPOM IaHHBIX C OOJIBLIMMU Z
COJICPKUT TAJIAKTUKU ¢ Z=2.5-4.0 B TaHHBIX
NICMOS-HUDF. Otot untepain Obli1 BbIOpaH,
YTOOBI JIS)KATh HIDKE HHTEpBaja V-drop, Ho ere
UMeThb OosblIne Z, 1uana3oH Ha 850 HM Mor Obl
cpaBHuBarthces ¢ nanabiMu GALEX. Jlnanazon Ha
850 HM cooTBeTCTBYET B rajakTuke A= 170-242 uM,
B cpeademM 200 HM. DTOT HaOOp JaHHBIX MTOKA3aH HA
Puc.4. CHoBa BeIOpan uHTEpBan M 23.5-24.5,
naromnidi N=32. [Topor HHKHETO pa3mMepa B CpeIHEM
0z=0.20 wnu 3.8 kpc. [lng mansix z, anana3zon 230
M NUYV cootBercTByeT B ranaktuke A=200 HM 1151
z=1.15. MbI nony4yaem aJeKBaTHBIN pa3Mep B
BeIOOpKe st 2=0.11-0.13, y xoTopoii mopor
HIKHero pazmepa 4.2 kpe u A 205 uM. Bepxuuii
MOPOT - He MpobsieMa, MOCKOJIBKY 3Ta BEIOOpKA HE
COJICPKUT TaNaKTUK, 00bIuX ueM 13", XxoTs B
rpesiesax HHTepBaja m 3TOW BEIOOPKH, TATAKTHKY C
0 nopsinka 20" coneprxkarcs B OIHOI BeIOOpKe AIS-
SDSS. Jlns M=23.5-24.5, N=96, u cHoBa 20 caMbIX
TYCKJIBIX TJIAKTUK OTOPAaKOBBIBAIOTCS, YUTOOBI
CO3/1aTh OKOHYATENBbHYIO BEIOOPKY U3 76 rajlakTUK
co cpeaauM M 24.06, HIEHTUYHBIM U1 BEIOOPKH C
0O0JIBIINMU Z.

It should be noted that the limiting

Hy>kHO 3aMeTUTh, YTO I'paHUYHAsI TOBEPXHOCTHAS




surface brightness in the HUDF samples
is 26.5 mag/arcsec?, which is
considerably dimmer than the dimmest
galaxies in the selected samples, so does
not bias the sample. That is, if there were
galaxies in this luminosity range with
lower surface brightness, they would
have been observed.

siprocTh B BeIGopkax HUDF - 26.5 mag/arcsec, aro
3HAYUTEIBHO cllabee, YeM caMble TYCKIIbIe
raJlakTHKU B BBIOPAHHBIX BBIOOPKAX, TAK YTO ATOT
(akT He cMeIaeT CAeIaHHy0 HaMU BBIOOPKY. To
€CTh, €CJTM ObI OBLTU TAJTAKTUKH B TOM UHTECpPBAJIC
CBETHMOCTH C 00Jiee HU3KOW MTOBEPXHOCTHOM
SPKOCTBIO, OHU HAOIIOJAIHNCH OBI.
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FIGURE 4. Surface brightness p vs
galaxy absolute luminosity M=m-5Log z,
where m is 850 nm (z-band) apparent
magnitude in AB magnitudes for HUDF
galaxies with photometric 2.5<z<4.

Puc.4. [ToBepxHOCTHast APKOCTH |L TaTAKTUKHU
IPOTHUB €€ a0COTIOTHON CBETUMOCTH
M=m-5Log z, rie m - 850 uM (z-nHarma3oH)
BUMMas 3B.BeJMYrHA B AB-3B.BeTMIMHAX IS
HUDF v-drop raigakTuk ¢ (hOTOMETPHUECKUM
KpacHbIM cMelIieHneM 2.5<z <4.

ACh_3. There are corrigendum in
exposition of a Fig.4 - 25<z<4 and in a
title of the inferior axis - log r (kpc)

AY 3. Ecte onucku B onucanuu Puc.4 - 2.5<z<4
U B Ha3BaHuU HIKHEH ocu — l0g r (kpc)

2.3 Data Analysis and Test of Model

2.3 AHAJIM3 TAaHHBIX U TECTUPOBAHUE MOJIEJIN

The comparison of the high-z and low-z
pairs of samples is shown in Table 1 and
Figure 5. Note that in Table 1 the surface
brightness is in mag/arsec?, while Figure
5 presents the logarithm of the difference
in surface brightness from the low-z
samples. In this table, the subscripts H
and L refer to the high-z and low-z
samples respectively and Ap = <p>y -
<u>_. If we require that a linear fit to the
three high-z points in Figure 5 also pass
through the low-z point (by definition)
we obtain the following best fit

CpaBHeHue map BEIOOPOK C MAJIBIMU Z U C
00abpIKMMH Z TIOKa3aHo B Tabnuue 1 u PucyHok 5.
3ametbTe, uTo B Tabnuiie 1 moBepXHOCTHAS IPKOCTh
JaHa B mag/arsecz, B TO BpeMs Kak PucyHok 5
IpeCTaBisIeT Jorapudm pa3HOCTH MOBEPXHOCTHOM
SAPKOCTH OT BBIOOPKHU ¢ MasIbIMH z. B 31Ol Tabnmune
HIOKHHME WHACKCHI H 1 L oTHOCATCS K BEIOOpKaM C
OOJIBIIIMMU Z U ¢ MAJIBIMH Z, COOTBETCTBEHHO, 1 AL =
<u>y - <p>L. Ecniu MbI Tpebyem, uToObI TUHUS
anMpPOKCHUMAIIUHU TPEX TOUYEK ¢ OOJBIINMHU Z Ha
PUCYHKE 5 Tak)e Impoluia 4epe3 TOUKY ¢ MaJTbIMU Z
(o ompeaeneHuto), Mbl TIOTy4YaeM CleAyoIee
Hawty4diiee npuOIrKeHue:

Log u= (0.024+0.15) log z +0.022
€3]

Log pu=(0.024+0.15) log z +0.022 1)

This is an excellent confirmation of the
non-expanding prediction that p is
independent of z. The surface brightness

910 - MMPEBOCXOAHOC MMOATBCPKACHUC
HEpACIUPAIOIICTOCH NpCACKa3zaHus, 4YTO |[L HC
3aBUCHUT OT Z. CHYTHI/IKOBHC JaHHBIC I10




data is thus entirely consistent with the
hypothesis that the universe is not
expanding and that d=cz/H at all z.

MIOBEPXHOCTHOMU SIPKOCTH, TAKUM 00pa3oM,
TIOJTHOCTHEO COBMECTUMBI C TUTIOTE30M, 4TO
Bcenennas ne pacmmpsiercst u uto d=cz/H mis Bcex
Z.

ACh_4. There is no such law d=cz/H for
all z, there is a law d = (c/H) In(1+z) for
all z in Model of the Static Universe.

AY_4. Her Takoro 3akona d=cz/H nns Bcex z, ecTh
3akoH d=(c/H)In(1+2) nns Bcex z B Moaenu
Cratnueckout Beenennoit,

Table 1 Non-Expanding Universe
Comparison

Tabmuua 1 CpaBHeHHE HepacIIUPSIOLICHCS
Bceenennon

Ne N [<z>|<p>y| on [NL| <z>_ |<p> | oL | Ap | Ap/
pair H| H OH

Pair 1 [25] 6.0 | 24.22]0.50{46|0.281|23.98|0.63| 0.24 | 24

Pair 2 [45] 4.9 |24.45|0.54|57|0.148 | 24.43|0.88| 0.02 | 0.25

Pair 3 [32] 3.2 |23.53]0.70{76] 0.12 |24.34]0.75| -0.81 | -6.5

If we look at the individual comparisons
in Table 1 we see that in all three cases
the differences in p are less than 1
magnitude, but in two of the three cases
they are statistically significant. Such
shifts could either be due to evolutionary
effects--changes due to the epoch of
creation of the galaxies, or to
environmental effects--changes due to
the density or number of clusters in the
relatively small volumes probed at
different z. While these two hypotheses
cannot be distinguished in the data, it is
important to see if the trend toward
increasing p at lower z continues or is
merely a fluctuation based on the specific
volumes sampled.

Ecnu MBI cMOTpHM Ha MHIVBH/yaIbHbIC CPABHEHHS
B TaGmnuue 1, MBI BUTUM, YTO BO BCEX TPEX CIIydasx
pasHocTu B/ - MeHblie yeM 1™, HO B IBYX M3 3THX
TPEX CIy4aeB OHU CTATUCTHYECKHU CYILECTBEHHBI.
Taxue cMemeHust MOTJIHM WA OBITh U3-3a
9BOJIIOLMOHHBIX 3()(HEKTOB - U3MEHEHUS U3-3a
HIepHO/a CO3AHMUs TalaKTHK, WU U3-3a
OKPY’KaIOIIETO BIMSHUS - U3MEHEHU U3-3a
IUTOTHOCTH WJIM YHCJIa KJIACTEPOB B OTHOCUTEIIEHO
HEeOOoJIBIINX 00beMaX, OOHAPYKEHHBIX JJIS1 pa3HBIX Z.
B To Bpemst Kak 3TH JIBE TUTIOTE3bI HENb3S5 OTIINIHUTH
B JIaHHBIX, B&)XHO BUJIETh, IPOOJKACTCS JIH
TEHJICHIIHSI K YBEJIMYCHUIO |L TIPU MaJIbIX Z WIN
SBIISIETCSI IPOCTO (ITyKTyarueil, OCHOBaHHOM Ha
cnennuIHOCTH 00MacTeH, T/Ie ClieNaHbl BEIOOPKH.

To distinguish these two possibilities, it
Is important to probe surface brightness
at intermediate z.

YToOBI OTIMYUTH 3TH JIBE BO3MOXXHOCTH, BaXKHO
IIPOBEPUTH IIOBEPXHOCTHYIO SIPKOCTH IPH
IIPOMEKYTOUHOM Z.

Logy

FIGURE 5. The logarithm of the
difference in surface brightness between
high-z and low-z galaxy samples Ap

Puc.5. Jlorapucm paznoctu Al MOBEPXHOCTHOM
SAPKOCTH MEXIY TaJlaKTUKaMH U3 BBIOOPKHU C
OOJIBIIINM Z ¥ ¢ MAJIBIM Z pa3MelIeH Ha rpaduke




plotted against logarithm z. Ap is defined
so that positive values correspond to the
high-z samples having higher surface
brightness. The three data points at
highest z correspond to the values from
Table 1, while the fourth point is
obtained slightly differently (see text).
The fifth point at low z is set at 0 by
definition . The solid line is a linear fit to
the data, constrained to pass through the
low-z data point. It is indistinguishable
from the prediction of the nonexpanding
universe hypothesis, which is the x-axis.
The dashed line shows the prediction of
the expanding-universe FRW model,
without assuming evolution. The line
curves because it is plotted against log z
not log (z+ 1).

NpPOTHB Jorapudma z. AL onpeaeneHo Tak, YTo0bl
MOJIOKUTENbHBIE €€ 3HAUE€HUSI COOTBETCTBOBAIIN
BBIOOpKaM C OOJIBIIUM Z, UMEIOIIUM OOJIBIIYIO
MOBEPXHOCTHYIO SIPKOCTh. DTH TPU TOUKHU Ha
rpaduke ¢ caMbIMH OOJIBIITUMH Z COOTBETCTBYIOT
3HauYeHUSIM U3 Tabmmibl 1, B TO BpeMs Kak
YeTBepTasi TOUKa MoJydeHa HEMHOTO TO-PYroMy
(cm. Tekcer). [IaTas Touka, B MaJIOM Z) YCTaHOBJICHA B
0 mo onpenenenuto. CruionIHas JUHUS - TUHEHHAS
anmnpoKcUMalus K JaHHBIM, U OHA JI0JDKHA
MPOXOJIUTH Yepe3 TOUKY ¢ MajibiM Z Ha rpaduke. OHa
HEOTJIMYHUMA OT IPe/ICKa3aHus TUIIOTE3bI
Hepaclupsouencs BeereHHoi, kKoTopast SBJIIeTCS
ocbto X. [lyHKTUpHAs TUHMS TOKa3bIBAET
npeackazanue mojaenu FRW pacmmpsromeiicst
Bcenennotii, 6e3 ydera sBotonun. Jlnaus
U3rndaeTcs, MOTOMY YTO OHA IOCTpOeHa npoTuB 0g
z,anelog (z+1).

While this is a major goal for future
work, one example near z=1 is included
here. The data available at present does
not allow exactly the same analysis as at
higher z, but a similar analysis is
possible. To compare NUV at low
redshift with z~ 1 data, we need surface
brightness data from the 435 nm ACS
band. But half-light radii at this band are
not available in this data base. Instead, a
different measure of galaxy radius, full-
width-half-maximum, is available at both
435 nm and 850 nm. We can therefore
determine the ratio of surface brightness
at 435 nm to that at 850 nm in a
consistent manner. Since the half-light
radius data is available at 850 nm, we
can also determine the ratio of surface
brightness for a given galaxy measured
by FWHM and by half light radius at 850
nm. If we assume that FWHM/HLR is
the same at the two wavelengths, we can
then determine the 435 surface
brightness as measured by HLR.

XOTsl 9TO — OCHOBHAS 11€JTb JIJIs1 Oy IyIIei padoTHI,
3/1eCh BKJIFOUEH OJIMH NpuMep okoiio z=1. /laHHsle,
JIOCTYIIHBIE B HACTOSIIIEE BPEMS, HE TIO3BOJISIOT
ceNaTh TOYHO TaKOM K€ aHallnu3 Kak sl OOIBIINX
Z, HO NIOJTIOOHBIN aHaIu3 BO3MOXKeH. UTOObI CpaBHUTh
NUV B HU3KOM KpacHOM CMEILEHUH C JaHHBIE B Z ~
1, HaM HY>HBI TAaHHBIE TTIOBEPXHOCTHOM SIPKOCTH
nuana3zona ACS Ha 435 um. Ho nonoBuHHBIE
CBETOBBIE PA/INYCHI B 3TOM 30HE HE JOCTYIHBI B ATOM
0a3e maHHbIX. BMecTo 3TOTO Ipyras Mepa paguyca
raJIakTHKH, "TI0JIHAs IHUPOTHAs NOJOBUHA
MakcuMmyma', moctynHa v rnpu 435 HMm u ipu 850 HM.
MBI MOKEM MOATOMY ONPENETUTH OTHOLIIEHUE
MOBEPXHOCTHOM APKOCTH TIpH 435 HM K HEH ke Mpu
850 HM noruuHbeIM crioco6oM. ITockonbKy naHHbIE
MIOJIOBUHHOI'O CBETOBOT'O pajuyca JIOCTYIHbI IPU
850 HM, MBI MOKEM TaKXk€e OIPEIEIUTh OTHOLIEHHUE
MOBEPXHOCTHOM SIPKOCTH JJIs1 JAHHOM rajJakTHUKH,
m3mepeHHori FWHM, u nmonoBuHHBIN CBETOBOM
panuyc nipu 850 uM. Ecniu Mbl ipesinionaraeM, 4To
FWHM/HLR — onHakoBbI MpH 3TUX JABYX JUTHHAX
BOJIH, MBI MOEM TOT/Ia ONPeIeuTh 435-
MMOBEPXHOCTHYIO SIPKOCTh, Kak n3mepeHo HLR.

UHLR 435 =HEwHM,235 (LLHLR 850 / LFWHM 850)

)

(2)

LHLR,435 =HUFwHM 435 (LHLR 850 / LLFWHM 850)

To compare 435 nm data with the NUV
sample, we select an immediate z sample
z=0.9-1.3 with the at-galaxy A of 205 nm
and a low-size cutoff of 1.3 kpc. For

Uto0b! CpaBHUTH JaHHBIE IPU 435 HM ¢ BEIOOPKOI
NUYV, mMbI BBIOHpaeM HEMOCPEICTBEHHO Z BEIOOPKY:
2=0.9-1.3 ¢ A y ranaktuku 205 HM 1 IOPOT HUHKHETO
pasmepa 1.3 kpc. [lns cpaBHeHHs Mbl BEIOUpaeM




comparison we select low-z sample with
2=0.070.09 with A of 213 nm and a low-
size cutoff of 2.8 kpc. To obtain
sufficient galaxies in the high-z sample
we shift to a lower-luminosity range of
M=24.5-25.5, yielding 15 galaxies, of
which one is eliminated for having a
radius less than the low-z cutoff of 2.8
kpc. There is a large comparison sample
of 280 galaxies at low z, of which the
dimmest 20 are eliminated to produce
identical average M of 25.03 in both
comparison samples. The average p for
these two comparison samples are very
close: 24.27 mag/arcsec? for the low-z
sample and 24.17 mag/arcsec? for the
high-z sample. (This comparison is
included as a point in Figure 5.) With
this point included, the linear fit to the
data is:

BBIOOPKY ¢ MasbiMu Z ¢ z=0.07-0.09 ¢ A=213 um u
nopor HIkHero pazMepa 2.8 kpc. UToObI moIy4YuTh
JIOCTAaTOYHBIC TAJJAKTUKHU B BEIOOPKE B OOJIBIIUMH Z,
MBI CIBUTAEMCS K MHTEpBaly 0ojiee HU3KOU
ceetumoctu M=24.5-25.5, npuxoas k 15
raJlakTHUKaMm, U3 KOTOPBIX OJIHY OTKIIOHSIEM H3-3a
TOTO, YTO UMEET PaJNYC MEHBIIIE, YEM MOpor 2.8
kpc. Ectb Gomnbinast BeiOOpKa cpaBHeHus u3 280
raJIaKTUK C MaJIbIMU Z, U3 KOTOPBIX OTKJIOHSEM
camble Tyckible 20, 4TOObI IPOU3BECTU UAECHTHUHOE
cpennee M=25.03 B 06enx cpaBHUBAEMBIX
BbIOOpKax. CpenHee L Ui 3TUX JBYX BHIOOPOK
CpaBHEHHs 0ueHb OIi3K0: 24.27 mag/arcsec’ s
BBIOOPKH ¢ MaJIbIMU Z U 24.17 mag/arcsec2 JUIst
BBIOOPKH ¢ OonbIiMHu Z. (DTO CPaBHEHHE BKIIFOUEHO
Kak Touka Ha Puc.5.) C 3Toi BKIIOUEHHON TOYKOM
10CaJIKa JUHEWHAs allllPpOKCUMALINA JUIsl JAaHHBIX
Oyner:

Log p= (0.026+0.15) log z +0.024  (3)

Log p= (0.026+0.15) log z +0.024  (3)

Thus there is no real trend and surface
brightness is indeed independent of z
over the entire range of z observed.
Again the data are entirely consistent
with a non-expanding universe.

Takum 00pa3om, HET HUKAKOW JEHCTBUTEIBLHOM
TEHJICHIIMU, U TTIOBEPXHOCTHAS SIPKOCTh
JEHCTBUTEIILHO HE3aBUCUMA OT Z 110 BCEMY
nuanasony Habomaaemoro z. CHOBa IaHHbBIE
MOJTHOCTBIO COBMECTHUMBI C HEPACIITUPSFOIICHCS
Bcenennoii.

This conclusion contradicts the earlier
work of Lubin and Sandage. However,
there are many limitations of that earlier
work as compared with this one. Lubin
and Sandage did not compare galaxies
observed at the same at-galaxy
wavelengths at low and high redshift as
this study does. Instead they used a very
involved evolutionary k-correction
scheme, with many adjustable
assumptions and parameters, to "correct"
observed high-z surface brightness. This
process introduced unknown and
possibly large errors into the calculation,
In addition the samples were very small
and the range of red shifts, up to 0.9,
much smaller than that of the present
study (up to 6). Finally, they assumed a
different relationship of z and d (d=c In
(1+2z)/H) to test the non-expanding
hypothesis, although, as we shall see, this

OTOT BBIBOJ IIPOTHUBOPEUUT OoJiee paHHEH paboTe
JIrobuna u Congumxka. OnHako, B TOM Oosee paHHEH
paboTe ecTb MHOTO HEJJOCTATKOB MO CPABHEHHIO C
9TO# cratheil. JIroOuH u CIHANK He CPaBHUBAJIH
raJlakTUKH, Ha0JIt0/1aeMble B T€X YK€ CaMbIX JITTMHAX
BOJIH B TJIAKTUKE B HU3KOM U BBICOKOM KPacCHOM
CMEIIeHNH, KaK JIeNIaeT 3Ta cTaThs. BmecTo aToro
OHH HCTIOJIb30BAJIM BEChMa 3aBHCUMYIO OT
IBOJIIOIMH CXeMY K-KOppeKInH, CO MHOTUMU
KOPPEKTHPYIOIUMH MPEITOT0KESHUIMHU U
napameTpamu, 4ToObl "KOppEeKTHPOBATh"
Ha0JIr01aeMble TIOBEPXHOCTHBIE SIPKOCTH ISt
00JBIINX Z. DTOT MPOIIECC BBEJl HEM3BECTHHIE U
BO3MOYXHO OOJIBIIIME TOTPEIIHOCTH B BBIYHCIICHHE,
Kpome Toro BeIOOpKH OBLTH OY€HHh HEOOIBIITMMH H
MHTEPBAJ KPaCHBIX CMEUIeHUH Tosibko 10 0.9,
HAaMHOT'O MEHBIINI, YeM B IaHHOM HCCIIEI0BaHUN
(mo 6). Hakonetr, oHu mpeanoiaraiu Apyryro
3aBucumocts z u d (d=c In (1+2z)/H) nns npoBepku
HEepaCIINPSIFOIIEHCS THITOTE3bI, XOTS, KaK MBI
YBUIMM, 9TO, BEPOSATHO, HE UMEET OOJIBIIIOTO




probably does not have a major effect.

BJIMAHMUA.

ACh_5. Lubin and Sandage made in their
article a conclusion for the demonstration
of advantage of a hypothesis of
expanding space over a hypothesis of
static space/ But it is impossible to term
it as the demonstration of fidelity of a
hypothesis of expanding space as
estimation of the degree n at (z+1), made
in their article, has appeared rather far
from a degree 4 demanded in this
hypothesis for frequencies of any gamut.
But they gained a dependence on
frequency bands and with smaller than it
IS necessary, n: n =-2.59 + 0.17 over the
range R, and-3.37 £+ 0.13 over the range
I. So both theories have been rejected.
though authors have for some reason
counted that FRW model fulfilling to the
test for n =-4.

Besides, in the article of Lubin and
Sandage the estimate of a hypothesis of
static space had been done with essential
use of the guess about of evolution of
galaxies and k-correction method, by the
formulas that are intended only for
expanding space. Therefore there is
nothing surprising, that in their article the
deduction is made about a dissonance of
their calculation data and hypotheses of
static space.

The unigue positive moment in the
article of Lubin and Sandage is that they
have paid attention that there isa law d =
(c/H) In (1+z) for all z in Model of the
Static Universe.

AY 5. Pesynbrar, nomyueHHsli B padote JIroOuHa u
Conanmka Ais J0Ka3aTeNbCTBa IPEUMYIIEeCTBa
TUIIOTE3bI PACIIUPSIONIETOCs MPOCTPAHCTBA HAL
TUINOTE30M CTaTUYECKOT0 MPOCTPAHCTBA, HENb3s
Ha3BaTh JI0Ka3aTe€IbCTBOM BEPHOCTH TUIIOTE3bI
PaCIIUPSIOLIETOCS MPOCTPAHCTBA, OCKOIBbKY
OLIEHKa cTereHu N npu (z+1), caenanHas B UX
paboTte, oka3zasiach BecbMa Jajieka oT TpeOyemoi B
ATOM TUIOTE3€ CTENEHU 4, MpUYeM IS 4aCTOT
JA1000r0 Juana3oHa, a moiay4uiach 3aBUCUMOCTh OT
JIMANa30HOB YacCTOT U C MEHBIIIUMHU, YEM HYKHO, N:
n=-2.59 £ 0.17 B quana3one R, 1 -3.37+0.13 B
nuamnasone . Tak 4To peanbHO OBUIM OTBEPTHYTHI
o0e TeopuH, XOTs aBTOPHI MOYEMY-TO OCUUTAIIN
TBB ynoBneTBopstonieit Tecty st n = -4.

Kpowme storo, B pabore Jlrobuna u Conaumxa
OIICHKA TUIOTE3bl CTATUYECKOTO MPOCTPAHCTBA
JIeN1anach C CyIeCTBEHHBIM HUCIIOJIb30BAHUEM
MIPEITOIOKEHUS 00 YBOIIIONNHY TAIAKTUK U METO/1a
K-koppekimu, GopMyIibl KOTOPOTO TpeHA3HAYCHBI
TOJIBKO JIJIs1 PACIIMPSIONIETOCs TPOCTPAHCTBA.
[ToaToMy HET HUYEro yIMBUTEIBHOIO, YTO B X
pabote crienaH BbIBOJ O HECOOTBETCTBUU HX
pacUeTHBIX JaHHBIX U THIIOTE3bl CTATUYECKOTO
MPOCTPAHCTBA.

EauHCTBEHHBIN MOOKUTEIBHBI MOMEHT B paboTe
JIrobuna u CoHIAUIKA COCTOUT B TOM, YTO OHH
obpaTtuiau BHUMaHue, 4To B Moaenu CrtaTndeckoin
Bcenennoii aeiictyer 3akoH d=(c/H)In(1+z) s
BCEX Z.

3. TEST OF FRW EXPANDING
UNIVERSE

3. TectupoBanue pacuupsiromeiicsi Beceiennoi
FRW

To test the FRW expanding universe
hypothesis, somewhat different
comparison samples are needed.

Yr1oOBl MPOBEPUTH TUIIOTE3Y pacIIUpsIOLIecs
Bcenennoit FRW, Heo0X0aUMbI HECKOIIBKO IpyTHE
BbIOOPKHU CpaBHEHHS.

This hypothesis assumes that angular
radii for a given galaxy are increased at
high-z, so the assumed physical size of
the high-z galaxies is much smaller for
an observed angular size. The exact
factor depends on the assumed distance,
which in turns depends on the exact

OTa runoTes3a MpeanoaaraeT, YTo yIriIOBbIE paInyChl
JUISL JTAHHOW TaJIaKTHKH YBEJIWYEHBI IPH OOJBIIUX Z,
MOATOMY TIPEATIONaraeMbIi (PU3NUECKHUIN pa3mMep
rajJjakTHK ¢ OOJIBIIUM Z HAMHOTO MEHBIIE IS
Ha0J110/1aeMOT0 YIJIOBOro pa3Mepa. TouHBIH
K02(pPHUILIMEHT 3aBUCUT OT MPEAIOIaraeMoro
pPAacCTOSHUA, KOTOPOE, B CBOK 0YEPEb, 3aBUCUT OT




model, but for the "consensus model"
radii are reduced by a factor of 20 at z=6
relative to the non-expanding model and
by a factor of 11 at z=3.2. This means
that the comparison samples at low z
must have a much lower low-size cutoff
and therefore must be much closer. For
example, since the low-size cutoff
remains roughly constant from z=2.5 to
z=6 at around 0.35kpc, the comparison
sample has to have 0.01<z<0.02,

TOYHOM MOJENH, HO AJISl «COTJIACOBAaHHON MOJIEIIH»
paaunycsl cokpaiensl B 20 pa3 npu z=6
OTHOCHUTEJIHO HEpaCIIUPSIOUIeics MOAEIN U

ko3 duuuentom 11 mpu z=3.2. D10 03HAYaAET, YTO
BBIOOPKH CpaBHEHUS JJIsl MAJbIX Z JOJKHBI UMETh
HaMHOTo OoJiee HU3KHMI MOPOT HUKHETO pa3Mepa U
MO3TOMY JOJKHBI OBITH HAMHOTO Oyvke. Hampumep,
IIOCKOJIBKY MIOPOT HMJKHETO pa3Mepa 0CTaeTcs
IPUMEPHO MOCTOSHHOM OT z=2.5 110 z=6 B mpeenax
0.35kpc, BeiOOpka cpaBHeHUs foibkHA UMeTh 0.01 <z
<0.02.

For the z=6 and z=4.9 samples there are
no suitable comparisons, as the range of
M in the low-z samples barely overlap
with that of the high-z sample. The high-
z samples do not contain enough
lowluminosity galaxies for comparison.
However, a comparison can be made of
the low-z sample with the 2.5<z<4
sample.

Jiist BBIOOPOK ¢ z=6 1 z=4.9 HeT MOaXOASIINX
CpaBHEHMIA, TOCKOJIbKY HHTEpBal M B BbIOOpKax ¢
MaJIBIMU Z €]IBa TiepeceKaeTcs ¢ MHTepBagoM M
BBIOOPKH ¢ O0JIbIIMH Z. BEIOOpKH ¢ OONBIIMMU Z
HE CcoJIeprKaT JOCTATOYHOTO YUCIIA TAIAKTUK C
HU3KOW CBETUMOCTBIO [Tl cpaBHeHus. OIHAKO, 1715
BBIOOPKHU C MAJIBIMH Z CPaBHEHHE MOXET OBITh
C/ICJTaHO C BBIOOpKaMH ¢ 2.5 <z <4,

The 0.01<z<0.02 sample in the NUV has
an at-galaxy A of 227 nm as compared
with the 200 nm average for the high-z
sample. Both samples have the same
low-size cutoff of 0.35 kpc (assuming
FRW geometry). While there is still no
real overlap in the absolute magnitudes,
both samples have sufficient spread in M
to derive a u-M correlation. For the low z
sample, the linear best fit is
u=0.597M+7.89 while for the high-z
sample it is u=0.551M+10.31. If we
compare the two correlations at M=25
we find that, unsurprisingly, there is now
a considerable difference in surface
brightness-average surface brightness is
22.81 mag/arcsec? at low z and 24.09
mag/arcsec? at high z, a difference of
1.29 mag/arcsec®. (This does not
contradict the non-expanding results,
since with the non-expanding assumption
this low-z sample includes much smaller
galaxies than could be observed at high-
z, S0 is not a good comparison.) Since the
slopes are nearly the same, comparison at
other m are very similar. For example at
M=24 dm= 1.33 mag/arcsec’ .A
correction of 0.08 can be applied to the

Bri6opka nipu 0.01 <z <0.02 umeeT B rajJjakTUKe A
227 uM 1o cpaBHeHUO co cpeauum 200 HM 1S
BBIOOPKH ¢ 0OJIbIIUM Z. Y 00erx BHIOOPOK €CTh
OJIMHAKOBBIN mopor HuwxkHero pasmepa 0.35 kpc
(npenmonaras reometpuro FRW). Xots Bce ke HeT
HUKAKOTO JICHCTBUTEILHOTO NEPEKPHITHS B
a0COTIOTHBIX 3B.BEIMUMHAX, Y 00eHX BHIOOPOK €CTh
JIOCTaTOYHOE pacrpocTpaHeHne B M, 4ToObI
nostyuuthb 1-M xoppensuuto. s BEIOOPKH C
MaJIBIMU Z HaujIyy4lliee JUHEHHOE MPUOIKEHIE
1=0.597M+7.89, a nist BEIOOPKH ¢ OONBIIMMU Z 3TO
oyzner n=0.551M+10.31. Eciu MBI cpaBHUBaeM 3TH
JIBE KOppeNsauu mpuB M=25, MbI HAXOJIUM, YTO
HEYJTUBUTEIHHO, €CTh TETIEPb 3HAYUTEIbHAS
Pa3HOCTh B MOBEPXHOCTHOM SAPKOCTH -
ITOBEPXHOCTHOM CpelHen spkocTH, 22.81
mag/arcsec’ B HuskoM z i 24.09 mag/arcsec’ B
BBICOKOM Z, pa3HoCcTh 1.29 mag/arcsecz. (OT0 HE
NPOTUBOPEUYHUT HEPACIIUPSIIOIIUMCS pe3ybTaTam,
MOCKOJIBKY C HEPACIITHPSIONIMMCS TIPEATIOI0KEHUEM,
9Ta HU3Kasi-Z BRIOOpPKA BKIIFOYAET HAMHOTO MEHBIIIHE
TaJlaKTUKH, YeM MOKHO OBLIO HaOIFOIaTh B
BBICOKOM-Z, TaK CPaBHUBATh HE XOPOIILIO. )
[TockonbKy cram mMOYTH TOT K€, CPAaBHEHUE TIPU
JIpyroM M odens noxoxe. Hanpumep npu M=24
dm=1.33 mag/arcsec’. Ucnpasnenue 0.08 Moxer
OBITH IPUMEHEHO K |l TIPU OOJIBILIOM Z, YTOOBI
KOMITICHCUPOBATh CABHT B JUTMHE BOJHBI, HO 3TO HE




high-z n to compensate for the shift in
wavelength, but this is not very
significant.

OYCHb CYHICCTBCHHO.

Ignoring this correction, we can compare
the change in surface brightness with that
predicted by FRW.

Urnopupys 3T0 ucnpaBieHue, Mbl MOXKEM CPABHUTH
VM3MEHEHHE B MIOBEPXHOCTHOW APKOCTH C
npeackazagHeiM FRW.

The predicted change in p is just 7.5 log
(1+z) = 4.67 mag/arcsec® for z=3.2. The
actual observed change (using FRW
assumptions) is 1.29 mag/arcsec?, a clear
conflict with prediction. Put another way,
the observed dependency of surface
brightness on redshift, assuming FRW, is
(z+1)*# not (z+1)°.

[MpeackazanHoe U3MEHEHUE B |L - TOJIBKO 7.5 log
(1+2) = 4.67 mag/arcsec? mist z=3.2. dakTHYeCKOE
Ha0Jr01aeMoe u3MEHEeHHE (MCIIONb3YsI
npeanoioxenuss FRW) ssnsercs 1.29 mag/arcsecz,
OJTHO3HAYHO KOH(DIUKTYET C MpeCKa3aHHEM.
Hpyrumu cioBamu, HabI0gaeMasi 3aBUCUMOCTD
MOBEPXHOCTHOMU SIPKOCTH OT KPACHOTO CMEIICHUS,
npuanmas FRW, Gyaer (z+1)°%, wo e (z+1)°.

3.1 Test of the Evolution Hypothesis

3.1 TeCTl/lpOBaHI/Ie IrunoTe3bl 3BOJIIOIIUHA

As mentioned above, many authors,
including Lubin and Sandage, have noted
the difference between surface brightness
observations and the clear predictions of
the FRW model. They have consistently
explained this discrepancy as a
consequence of galaxy evolution. That is,
they assume that galaxies of a given
luminosity were smaller and thus had
brighter p in the past than do current
galaxies. Equivalent, galaxies of a given
size had much higher luminosity in the
past than at present. One could ask why
galaxies at high-z are so much brighter,
when young galaxies observed at low-z
are not. However, at most wavelengths,
such as in the optical, there is not a clear
way to test the evolution hypothesis.

Kak ynomsiHyTO BbIllle, MHOTHE aBTOPBI, BKIIIOYast
JIrobuna n CaHaumka, 3aMETHIIN Pa3HOCTh MEXIY
MOBEPXHOCTHBIMH HAOJIIOICHUSMU SIPKOCTH U
sicCHbIMU TporHo3amu mojienu FRW. Onn
MOCIIEA0BATENBHO O0BSCHUIN 3TO HECOOTBETCTBUE
KaK CIJIEJICTBUE TATAKTUYECKOMN 3BOMOLMH. TO ecTh,
OHH IPEJIOoJIaratoT, YTO FaJIaAKTUKH TaHHOM
CBETUMOCTHU OBUIM MEHBITUMH B TAaKUM 00pa3omM
uMeH 0oJiee SIPKHA |l B POIILIIOM, YeM TEKYIIIHe
raJIaKTUKH. DKBUBAJICHTHO, Y TAIAKTUK TAHHOTO
pa3mepa Obu1a HAMHOTO 00JIe€ BBICOKAsi CBETUMOCTH,
4YeM B HacTosiiee Bpems. M0oXKHO ObUTO ObI
CIIPOCHUTB, ITOYEMY TAJTAKTUKH C OOJIBITUMU Z
HACTOJIBKO OoJiee SPKH, KOTJa MOJIOJIbIe TalaKTUKH,
HaOJTI0/TaeMBbIe HA MAJIOM Z, COBCEM HE TaKHe SPKUE.
Opnaxo, B OOJBIIMHCTBE JJIMH BOJIH, TAKOHW KakK B
ONITHUYECKOM, HET SICHOTO CITOCO0a MPOBEPUTH
TUIOTE3Y DBOJIOIHUH.

Fortunately, the situation is different at
UV wavelengths. UV radiation is
generated by hot, massive short-lived
stars and is strongly absorbed by dust.
The dust in turn is created by the
supernovae generated as the massive
stars reach the end of their short
lifetimes. The combination of these
effects means that there is an upper limit
on the UV surface brightness-as the
surface density of hot bright stars and
thus supernovae increases, eventually so
much dust is produced as to absorb all
the UV except that from a thin surface

K cuacteto, cutyanus otauyaercs Ha Y @ JuimHax
BOJIH. YD U3JIly4eHUE CTEHEPUPOBAHO IOPSUYUMH,
MAaCCHBHBIMHM KOPOTKO KUBYIIUMH 3BE€3aMU U
CUJIBHO IOIVIONIA0TCA NMbUIBIO. I1b1IB B CBOO
ouepens co3naHa CBEpXHOBBIMH, 00pa30BaHHBIMH,
KOI'/ZIa MACCUBHBIE 3BE3/bI JOCTUIalOT KOHIIA CBOUX
KOpOTKUX xu3Hed. KomOuHanus s3tux 3¢ hexTo
03HAYyaeT, 4To €CTh BepXHUi npenen YD
ITOBEPXHOCTHOM SIPKOCTH, KaK U IOBEPXHOCTHOM
IUIOTHOCTHU TOPAYMX SIPKUX 3BE3, U, TAKUM 00pazom,
CBEpXHOBBIE YBEIMYNBAKOTCS, B KOHEUHOM CUETE
00pasyst TaK MHOTO IBIIH, YTO MOXKET MOTJIONIATh
Bech YD 3a HCKIIIOYEHHEM TOTO, YTO HACT OT
TOHKOI'O IIOBEPXHOCTHOTrO ¢10s. [lanpHennee




layer. Further increase in surface density
of hot bright stars beyond this point just
produces more dust, and a thinner
surface layer, not an increase in UV
surface brightness.

YBEJIMYECHHUE MTOBEPXHOCTHOU IIJIOTHOCTH IOPSYUX
APKUX 3BE€3]l 33 ITY TOUKY TOJIBKO IPOU3BOIUT
00JIbIlIE IBUTM M YTOHYAET MIOBEPXHOCTHBIN CIIOM,
6e3 yBenuueHus: YD noBepXHOCTHON SPKOCTH.

To simplify the situation somewhat,
assume that a population of N hot bright
stars produces E joules of FUV radiation
and D kg of dust during their lifetimes of
T seconds. The dust has an absorption
cross section of C m%/kg and the density
of the stars is n/kpc®. The absorption
length L for FUV radiation is then

UTOoOBI HECKOJIBKO YIIPOCTHTH CUTYAIIHIO,
MPENOI0KHUM, YTO COBOKYITHOCTH N TOpsIYMX SIPKUX
3Be31 mpousBoauT E mxoynen uznyuenus FUV u D
KT [IbIJIM BO BPEMS X )KM3HM 3a T CEKYH. Y IbUIH
€CTh MOTJIOTUTENbHOE MonepeyHoe ceuenue C m?/ kg,
KOHIIEHTpaIus 38e31 — N/ kpC3 . JIMHa MOTJIONICHUS
L nns uznyuenus FUV torna 6yner

L=9-10"N/(DCn) kpc _ (4)

L=9-10N/(DCn) kpc _ (4)

If the galaxy thickness T< L in the
direction of the line of sight, the FUV
surface brightness in watts/ m? is just

Ecnu Tonmuna ranaktuku T <L B HanpaBiieHUU
JIMHUU 3peHus, IpKocThb nosepxuoctu FUV B

2
BarTax/m- OyJeT MpoCTO

w=11-10%¥TEn/(N7)  (5)

w=1.1-10%TEn/(N7)  (5)

But if T>L, in other words absorption is
substantial, then little FUV is emitted
from a greater thickness than L so,
approximately,

Ho ecnu T> L, npyrumu cioBaMH MOTJIOIICHUE
SIBJISIETCS. pealIbHbIM, TO HeMHOro FUV ucnyckaercs
OT OOJIBIIICH TONIIUHBI YeM L, moaTomy,
IpUOJIM3UTENBHO,

w'=1.1-10"*LEn/(N1)= E/(DCr)

w'=1.1-10**LEn/(N7)= E/(DCt)  (6)

(6)
In other words, the maximum FUV
surface brightness depends only on the
ratio of FUV power to dust production
for the stellar population, not on the
density of stars in the galaxy. A more
sophisticated model would include the
influence of galactic winds in clearing
away the dust, but the general conclusion
stands.

Hpyrumu cinoBamu, makcumanbHast FUV spkocts
IIOBEPXHOCTH 3aBUCUT TOJIBKO OT OTHOILLIEHUS
moiHocte FUV Kk npon3BoAUTENIBHOCTH
IbLIIe00pa30BaHNUs /IS 3B€3/JHOI0 HACEJIEHUs, HE OT
KOHIICHTpALlUU 3B€3]1 B rajlakTUKe. bonee cioxnas
MO/JIeJIb BKJIFOYasa Obl BIMAHUE FalaKTHYECKUX
BETPOB Ha PACUMCTKY IbUIH, HO OOIIME BBIBOJIBI
OCTarOTCH.

We can now use this maximum UV
surface brightness to test the
evolutionary hypothesis. The GALEX-
SDSS data set can be used to determine
the maximum FUV and NUV surface
brightness of galaxies. This in turn can
be compared with the intrinsic surface
brightness that must be hypothesized for
high-z galaxies in the FRW model. This
is the observed surface brightness
multiplied by (z+1). The test is to see if
the hypothetical surface brightnesses
exceed the maximum surface brightness
observed at low-z and are thus physically
implausible.

MBbI MOXeEM Tenepb UCIO0JIb30BaTh Ty
MaKCUMaJIbHYyI0 Y P MOBEPXHOCTHYIO SIPKOCTB,
YTOOBI MPOBEPUTH IBOIIOIMOHHYO Tunore3y. Habop
ma"ublx GALEX-SDSS Mo0XeT UCIIOIb30BaThCS,
4yT0OBI onpeaenuTs MakcuManbHyo FUV u NUV
MOBEPXHOCTHYIO SIPKOCTh TaJIaKTUK. JTO B CBOIO
ouepeib MOKET ObITh CPABHUMO C COOCTBEHHO
HOBEPXHOCTHOM SAPKOCTBIO, KOTOPAsl OJIAKHA OBbITH
BEPOSITHOH JUIsl FaJTaKTUK C OOJIBIIMMU Z B MOJIEIN
FRW. Dto - Habmronaemast MoBepXHOCTHAS SIPKOCTh,
yMHOXeHHas (z+1). [IpoBepum 3T0, MOCMOTPEB,
IPEBBILIAET JIU TUIIOTETUYECKAs! IOBEPXHOCTHAS
SAPKOCTh MAKCHUMAJIbHYIO TIOBEPXHOCTHYO SPKOCTh,
Ha0JII0/JTaeMYI0 NIPU MAJIbIX Z, U, SIBJISETCS, TAKUM
o0pa3oMm, (pr3nuecku HeMmpaBAONoI00HOM.

Figure 6 shows FUV surface brightness

PrcyHOK 6 OKa3bIBaeT MOBEPXHOCTHYIO SIPKOCTh




vs. galaxy radius in kpc for the redshift
range 0.01-0.25 including 13,858
galaxies. The highest surface brightness
is 19.1 mag/arcsec? and only 18 galaxies
have p brighter than 21 mag/arcsec® So
we can tentatively take 19.1
mag/arcsec?as the maximum possible
FUV surface brightness.

FUV npotuB panuyca ragakTuku B Kpc st
nuanasoHa kpacHoro cMemenus 0.01-0.25, u
BKitoyaeT 13 858 ranaktuk. Camas BbIcOKast
OBEPXHOCTHAs sipKocTh - 19.1 mag/arcsec?, u
TOJBKO 18 rajmakTHK UMeEIoT L Oosee sipkuit uem 21
mag/arcsec®  Takim 06pa3oM MbI MOXKEM
SKCIIEPUMEHTaNBHO B3sTh 19.1 mag/arcsec’ B
Ka4yecTBE MaKCUMaJIbHO BO3MOXKHOM TOBEPXHOCTHOM
spkoct FUV.

The SDSS survey has a surface
brightness upper limit in the r-band of
17.7 mag/arcsec?, which could affect the
observation of the UV distribution.
However, examining GALEX
subsamples that do not have SDSS
matches, we find the same surface
brightness upper limit. GALEX's own
instrumental upper limit is far higher,
with linear response to about 14.5
mag/arcsec? and a cutoff at around 11
mag/arcsec’.

VY 0630pa SDSS ecTb BepxHuil npenen
IIOBEPXHOCTHOM SIPKOCTH B r-auaras3one 17.7
Mag/arcsec’, KOTopbIil MOT BIHATH HA HAGITIOCHIE
3a YO pacnpenenennem. O1HaKO, UCCIEAYS
noBeI00pku GALEX, y KOTOpBIX HET COOTBETCTBUI
¢ SDSS, Mbl HaXOJUM TOT K€ CaMblii BEpXHUI
npezen NOBepXHOCTHOH sipkocTH. COOCTBEHHBIH
MHCTpYyMEHTaJbHBIN BepxHuii mpenen B GALEX
HaMHOT'O BBIIIE, C TUHEHHON XapaKTEpUCTUKOU
npuOIM3UTENBHO K 14.5 mag/arcsec2 Y TIOPOTOM
npumepro 11 mag/arcsec’.
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FIGURE 6. Observed surface brightness
against galaxy radius for GALEX-SDSS
galaxies with 0.01<z<0.25. Radii are
calculated based on d=cz/H and no
expansion, but due to the low z, the
results are very similar if FRW geometry
IS assumed.

Puc.6. HaGmromaemast moBEpXHOCTHAS IPKOCTh
IIPOTUB paguyca raJlakTUKH Juist ranaktuk GALEX-
SDSS npu 0.01<z<0.25. Pagnycel BEIYUCIEHBI HA
ocHoBe (opmyibl d=cz/H u 6e3 pacimpenusi, HO, U3-
3a MaJIbIX Z, pe3yJIbTaThl Oy IyT OY€Hb IOXO0XKHU, €CIIU
IIpUHUMAaTh reoMeTputo FRW.

If we look at the galaxies that are known
to have the maximum rate of star
formation and the maximum overall
surface brightness, the ultra-luminous
infrared galaxies (ULIRGS), we can see
the limiting effect of absorption clearly.
The sample of ultra-luminous galaxies
observed in the UV by Goldader et al**
provides IR and FUV surface brightness
at various apertures for a set of nine
galaxies. Figure 7 shows FUV nvs IR
for both maximum and minimum

Ecau MBI mOCMOTpHUM Ha rajlakTUKH, Y KOTOPBIX €CTh
, KaK U3BECTHO, MAaKCUMAJIbHBIN TEMTI 3BE3THOTO
dbopMUpOBaHUs, U MAKCUMYM MTOBCEMECTHOMN
MOBEPXHOCTHOM SIPKOCTH - ApKHE HHPPAKpPaCHBIC
ranaktuk (ULIRGS), MBI MOEM SICHO YBUICTh
npenenbHbIN 3QdexT nornonienus. Berdopka -
SIPKUX MHPPAKPACHBIX TaTaKTUK, HAOIIOJaEMBIX B
Y® l'onpgabepom u nip [14] naer UK u FUV
MOBEPXHOCTHBIE SIPKOCTH B PA3JIMUHBIX allepTypax
JUISL IEBSITU TaakTUK. PucyHok 7 mokassiBaeT FUV
u mpotuB MK | 1 1711 MakcUManbHBIX U 1J15
MUHHUMAJIBHBIX aniepTyp JUIs KaKJI0M raJjakTuku. B




apertures for each galaxy. Over a range
of 1,000 in IR p there is no trend in FUV
. All but one of this much smaller
sample of very luminous galaxies has
FUV p dimmer than 21 mag/arcsec? and
the brightest one has a p of 19.36
maglarcsec?. So 19.1 mag/arcsec? can be
confidently used as a maximum FUV
surface brightness.

unrepBasie MK p 6onee 1000 HeT HUKaKoi
teraeHuuu B FUV L. YV Bcex kpoMe OJTHOW U3 ITOM
HaMHOT'O MEHBIIIeH BBIOOPKH SIPKUX rajakTuk FUV p
TeMHee, ueM 21 mag/arcsec2 Uy CaMOU SIpKOU
11=19.36 maglarcsec?. Taxim o6pasom 19.1
Mag/arcsec’ MoKeT yBEPEHHO HCIIOIb30BATHCS KaK
MaKCUMaJbHas NOBEPXHOCTHAA sspkocTh FUV.

To compare these limits with the
evolutionary hypothesis, the brightest,
highest-z galaxies are selected.

UToObl CPaBHUTH 3TH MPEAEIIBI C SBOTIOLUOHHON
TUIIOTE30M, BIOpaHbI CaMble IPKUE FAJIAKTUKU C
CaMbIM OOJIBIINM Z.

This is the sample of the NICOMS-
HUDF data set with z=3.5-6. This
sample was not chosen for the earlier
surface brightness comparison because it
was too small, but is suitable for this
comparison. Figure 8 shows the
hypothetical at-galaxy surface brightness
of this sample, derived by multiplying
the observed surface brightness by (z+1)*
or u'=u-7.5 log (z+l). The low-z data is
included for comparison. As is evident
the hypothetical galaxies lie almost
entirely outside the envelop of the real
low-z galaxies. All but one of the 29
hypothetical galaxies is brighter than
19.1 mag/arcsec®. Eighteen of the
galaxies exceed the low-z maximum p of
19.1 mag/arcsec? by more than a factor
of 2. Four of the galaxies exceed the
maximum by a factor of 10. The
brightest hypothetical galaxy exceeds the
maximum low-z p by a factor of 42.

O10 - BBIOOpKa Habopa gaHHeIXx NICOMS-HUDF ¢
2=3.5-6. Dra BrIOOpKa HE ObUIa BRIOpaHa /11t Oojiee
paHHET0 CpaBHEHHSI TOBEPXHOCTHOM SIPKOCTH,
IOTOMY YTO OHa ObLIA CIUIIKOM HEOOJIBIIOHI, HO
SIBIISICTCS TIOJIXOISIICH IS TOTO CPAaBHEHHSI.
PucyHok 8 moKa3bIBaeT rUIOTETUYECKYIO
raJlaKTHYECKYO MIOBEPXHOCTHYIO SIPKOCTh ATON
BBIOOPKH, BBIYMCIICHHOM, YMHOKasi HAOII01aeMYIO
IOBEPXHOCTHYIO SIpKOCTh Ha (Z+1)°, i p"=p1-7.5
log (z+). JlanHbIe ¢ MaBIMK Z BKITFOUCHBI 151
cpaBHeHMs. Kak 04eBUIHO TUTIOTETHYECKHE
TaJIaKTUKH JIeXKAT MMOYTH TIOTHOCTHIO BHE OKPYIKEHUS
peasbHBIX TAJIAKTUK C MaJIbIMU Z. Bce kpome oHoM
13 29 rUNOTeTUYECKUX TaTaKTUK 0oJiee IPKU ueM
19.1 mag/arcsec?. BoceMHaIaTh ralakTiuK
MPEBBIMIAIOT MakcuMyM L 19.1 mag/arcsec2 OoJtbIIe
4yeM BJBOE. YeThIpe TalakKTUKH MPEBHIIAIOT 3TOT
MakcumyM B 10 pa3. Camas sipkast THIOTETUYECKAs
raJIaKTHKA MPEBBIIIAET MAKCUMYM JUTSI MAJTBIX Z B 42
pasa.

It is exceedingly difficult to see how
these hypothetical galaxies could actually
exist. We can compare them with
ULIRGs that have similar total surface
brightness since the hypothetical galaxies
must have at least this much total output,
even if all the energy is in the FUV and
none is absorbed by dust. Figure 9 shows
the ratio of IR to FUV emission in
magnitudes vs. IR surface brightness.
There is an almost linear dependence of
absorption on IR surface brightness, as is
expected from eq. (4). To reduce
absorption to less than 0.5 magnitudes, as

Upes3BbI4aiiHO TPYIHO YBUAETH, KaK OTU
TUMOTETUYECKHE FIaKTUKU MOTJIN (DaKTUYECKU
cyuectBoBaTh. Mbl MokeM cpaBHUTH X ¢ ULIRGs,
y KOTOPBIX €CTh N0J00Hasi OJIHASI TOBEPXHOCTHAS
SIPKOCTb, IIOCKOJIbKY Y TUIIOTETUYECKUX TaJIaKTUK
JIOJIKHO OBITH, 110 KpaifHel Mepe, Tak e MHOTO
IIOJIHOM MOILIHOCTH, AK€ €CIIU BCs DHEPIUs
Haxonutcs B FUV, u Hu oquH (GOTOH HE
norsiouiaeTcs neuibl0. PucyHok 9 nokaseiBaer
otHomeHne MK k FUV n3ny4yenuro B Marautyaax
npotuB UK nosepxHocTHOM spkocTH. ECTh mouTH
JIMHEWHAs 3aBUCUMOCTH TTornonienns Ha K
IIOBEPXHOCTHOM SIPKOCTH, KaK 0XKUAACTCS U3
ypaBHeHue (4). UToObI MPUBECTH MOTJIONICHHE K




would be needed to achieve the FUV
surface brightnesses of the hypothetical
galaxies, the ratio of dust production to
UV power would have to be decreased
by at least a factor of ten.

MeHbI1e yeM 0.5 MarHUTy/bl, Kak ObLI0 OBl
HE00X0IMMO, YTOOBI JOCTUTHYTh TOBEPXHOCTHOM
apkoctd FUV runoreTn4ecknx rajakTuk,
OTHOILLEHUE ITPOU3BOACTBA IbLIN K YD MOIIHOCTH
JIOJDKHO OyJieT OBITh YMEHBIIICHO 110 KpaliHel Mepe B
JECSTH pas.
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FIGURE 7. FUV vs IR surface
brightness for nine ULIRG galaxies.

Puc.7. FUV npotuB nndppakpacHO# MOBEPXHOCTHOMH
spkocTu i AeBatu raaktuk ULIRG.

Observations of high-z galaxies at other
wavelengths indicate that there is very
little dust absorption, in strong contrast
to the large absorption of the ULIRGs **.
This would of course be easy to explain
if the high-z galaxies actually had their
observed u, as they would in a non-
expanding universe. They would then all
have 11 >21 mag/arcsec? and would be
expected to have small absorption.

Habumronenus ranakTuku ¢ O0JIbIIMMHU Z B APYTUX
JUTMHAX BOJIH YKa3bIBAIOT, YTO €CTh OYCHb
HEOOJIBIIIOE MOTJIONIEHUE MBI, HAa TPOYHOM
KOHTPACTE 0 OTHOIICHUIO K OOJBIIOMY
noryonieanio ULIRGs [15]. 9To koHeUHO OBLTO OBI
MPOCTO OOBSACHUTH, €CITU Y TAIAKTUK C OOJBIINMHU Z
dakTUYeCKu X HAOIIOJAEMBIi |, KAK OHU OBUTH OBI
B Hepacuupsitoieiics Beenennoit. Y Hux Torja Bce
mmMern 651 [ > 2| mag/arcsec? u, kak oxumaeTes,
OyzieT HeOOJIBIIIOE MOTJIONIEHHUE.

It can be argued that these observed
galaxies are merely small "hot spots™
within much dimmer and larger galaxies.
However, this does not at all solve the
problem. The ULIRG sample includes
narrow aperture measurements that focus
on the brightest regions of the galaxies,
and the GALEX survey does not
distinguish between complete galaxies
and star-forming clusters within galaxies,
yet in neither of these samples is the
maximum source brightness of 19.1
mag/arcsec’ exceeded for any region
even as small as 30 pc in radius.

MO’HO CHIOPUTH, YTO ATU HAOJI0JaeMBble TaTaKTHKH
- IPOCTO HeOObIINE "Topsiune TOUKU" cpeau
60bIIOT0 KOJIM4ecTBa Oosiee cnadbix 1 OOIBIINX
rasiakTuk. OJTHaKO, 3TO HUCKOJIBKO HE pelaeT
3agaudy. Beibopka ULIRG Bkitouaer y3ko-
anepTypHbIe U3MEPEHHUS, KOTOPbIE
COCPEIOTAYMBAIOTCS HA CAMBIX APKUX 001acTAX
rajakTuk, u 0030p GALEX He paznuyaer
3aKOHUYEHHBIE TAJIAKTUKY U TPYTIIIbI
3Be€3/1000pa30BaHusl B pe/ienax rajJakTUK, U TEM He
MeHee, HM B OJTHOW U3 3TUX BHIOOPOK MaKCHMasbHas
sapkocTh 19.1 mag/arcsec2 HWCTOYHHKA HE MPEBBIIICHA
Ui 11000# 001acTH, Take HACTOJIBKO Majiol Kak 30
pC B paguyce.

How could the hypothetical galaxies
possibly produce ten times less dust per
unit FUV power than any contemporary
galaxy? One possibility is that the high-z
galaxies contain a population of very
large stars, more than one hundred times

Kak runoretndeckue ralakTHKH MOTJIM BO3MOKHO
MMPOU3BECTH B JIECATHh Pa3 MEHBIIIE IMBLIH 32 €IUHUILY
mourHocTH FUV uem kakas-HUOY b COBpeMeHHast
ranaktuka? OaHa BO3MOKHOCTE COCTOUT B TOM, UTO
JaJIeKHe TATAKTUKK COJEPKAT COBOKYITHOCTh OUEHb
OoJbIIUX 3B€371, OOJIBIIIE YEM B CTO pa3 Ooee




as massive as the Sun, with much shorter
7, leading to higher power for the same
amount of dust. However, such very hot
stars will produce substantially more
radiation at FUV than at NUV at-galaxy
wavelengths. Since we have 1600 nm as
well 850 nm data, we can test this
hypothesis. We find that of the six
hypothetical galaxies with the brightest
u", only one is substantially (more than
0.2 mag) brighter at 850 nm than 1600
nm. So for the other five galaxies, the
idea of ultra-massive, ultra-bright stars is
not a likely solution. It should also be
noted that in the low-z sample, there are
many galaxies brighter in FUV than
NUV, yet none of them have <20
mag/arcsec?, so even a population of
very massive hot stars does not lead to
excessively high UV surface brightness.

MaccuBHBIX 4eM CoJIHIIe, C HAMHOT'O MEHBILIUM T,
IpUBOJS K 60JIee BHICOKOM MOIIIHOCTH MPHU TOM K€
KoJuuecTBe nbuin. OAHAKO, TAKME OUYEHb ropsune
3Be3/bl IPOU3BEIYT B OCHOBHOM OO0JIbIIIE U3TYyUEHUS
B FUV uem B NUV yinHax BOJIH B raJIaKTHKE.
[TockonbKy y Hac ecTh nanHbie Ha 1600 HM 1 Ha 850
HM, MbI MOKEM MPOBEPUTH 3Ty TUNOTE3Y. MBI
HAXOJIUM, YTO U3 IECTU TMIOTETUYECKUX TAIAKTHUK C
CaMbIMHU SIPKUMHU |L", TOJIBKO OJIHA 3aMeTHO (OOJbIIe
yem 0.2 mag) 6onee apkas B 850 um yem 1600 HM.
[TosTOoMy 1U1st IPYTUX NSATH TAIAKTUK UAES
CBEPXMACCUBHBIX, CBEPXSAPKHUX 3BE3/l, TOXOXKE, HE
ecTh peuienue. CienyeT Takke 3aMETHUT, YTO B
BBIOOPKE C MAJIBIMU Z €CTh MHOTO TaJIaKTHK, O0Jiee
spkux B FUV, yem B NUV, oqHako HM 0/1HA U3 HUX
He uMeet <20 mag/arcsec?, mosTomy axe
COBOKYIIHOCTh OYEHb MAaCCHUBHBIX TOPSYMX 3BE3]1 HE
IIPUBOJMT K YpE3MEPHO BBICOKOM MOBEPXHOCTHOU
ApKoCcTU B YOD.

Nor are energetic galactic winds that
clear out the dust far faster than for low-z
galaxies a very plausible explanation
either. Such winds would have to have at
least ten times higher velocity and thus
100 times more power than low-z winds
per unit mass. It seems entirely
implausible that the efficiency of galactic
wind production should be at least 100
times greater for high-z galaxies, which
after all contain stars very similar to, if
not identical to, those in low-z galaxies.
While a more systematic examination of
possible explanations is required, the
tentative conclusion in unavoidable that
at least the most extreme of these
hypothetical galaxies cannot really exist.

W sHepreTrueckue ralakTHYeCKUe BETPhI, KOTOPHIE
JTaJieKo yOuparoT MbUIb ObICTpEE YeM /IS TaJIaKTUK C
MaJIbIMU Z — TaK)K€ HE OU€Hb MPaBI0No00H0e
oO0BsicHEHHE. Y TaKuX BETPOB JI0JKHA ObUTH Obl
OBITH 110 KpaiiHel Mepe B 1ecsATh pa3 OoJiee BhICOKas
CKOpOCTh 1 TakuM oOpazoM B 100 pa3 Gosbiie
MOIIIHOCTH Ha €IMHHUILY MACChI, YEM Y BETPOB IS
MaJIBIX X. DTO KaXKEeTCs MOJIHOCTBIO
HeNpaBA0NoJ0OHBIM, YTO 3(PPEKTUBHOCTD
Pe3yNbTaTUBHOCTH FAJIAKTUUECKUX BETPOB JOJKHA
OBITH 110 Kpaiineld Mepe B 100 pa3 GombIme as
TaJIaKTUK ¢ OOJIBIIMMHU Z, KOTOPBIE B KOHIIE KOHIIOB
coJiepKar 3Be3/1bl, OUEHb [TOXOKUE, €CIIN HE
UJCHTUYHbBIE, Ha 3B€3/bl B FTAJIAKTHKAX C MaJIbIMU Z.
B To Bpems kak TpeOyetcst Oosiee cucTeMaTudeckas
SKCTEePTHU3a BOZMOKHBIX 00BSICHEHUH,
IpeBapUTENbHBIN BBIBOJ COCTOUT B HEU30€XKHOM,
YTO I10 KpallHEelW Mepe camasi SKCTpeMallbHas U3
TaKUX TMIIOTETUYECKUX TAJIAKTUK HE MOXKET

JICHCTBUTEIILHO CYIIECTBOBATD.
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FIGURE 8. As in Figure 6, but with the
addition of hypothetical high-z galaxies
(large squares), with surface brightness
and radii as required by FRW expanding
universe model, based on observations of
galaxies with photometric redshift
4<z<6. Note that the hypothetical
galaxies lie almost wholly outside the
envelope of the real low-z galaxies
(small dots).

Puc.8. Kak Ha pucynke 6, Ho ¢ Jo0aBieHuEM
(6ompIIMIE KBaIpaThl) TUTIOTETUYECKHUX TAAKTHK C
OOJIBIIUMU Z, C TOBEPXHOCTHOM SIPKOCTHIO U
paanycamMu Kak TpeOyeTcss MOAEINbIO
pacumupsitoeiics Beenennoit FRW, ocHoBano Ha
HAOJIO/ICHUSX 32 TAIAKTUKAMU ¢ (POTOMETPUUECKUM
KpacHbIM cMmelnieHueM 4 <z <6. 3aMmeTbTe, 4T
TUMOTETUYECKHE FAIaKTUKY JIeXKAT [MOYTH
MOJTHOCTBIO BHE 000JI0YKY PEaTbHBIX TaTaKTHK C
MaJIbIMH Z (HeOOJIBIIINE TOYKH).

But if any of these galaxies are excluded
as impossible, this means that the (z+1)®
surface brightness scaling cannot be
valid. This in turn means that the FRW
expanding universe model, in all its
varieties, is invalidated.

Ho eciu ro6as u3 3THX TalaKTUK UCKIIFOYEHA KaK
HEBO3MOJKHAs, 3TO O3Hauaer, uto (z+1)*-
BBIUMCJICHHE TOBEPXHOCTHOM SIPKOCTH HE MOXKET
OBITH CIPaBETUBBIM. JTO B CBOIO OYEPEb
03HAYaEeT, YTO MOJENb pacuupstouieiics Beenennon
FRW, Bo Bcex ee pa3sHOBHIHOCTSIX, JIUIIICHA
3aKOHHOM CHIIBI, SIBJISICTCS HEJEHCTBUTEIHHOM.

By contrast, if this same sample is
analyzed in the non-expanding model
context, all the galaxies have pu>pimax and
none fall outside the range of parameters
defined by the low-z sample.

B otiinume ot 3TOTO, €CNTHM 3TA Ta K€ camasi BRIOOpKa
aQHAJTM3UPYETCS B KOHTEKCTE HEPACIITUPSIFOIICHCS
MOJICJIH, Y BCEX TATAKTUK LI>|lmax, © HA OJHA HE
BBIXOJIUT 32 MpeeIibl Auana3oHa napamMmeTpoB,
OTPEJICTCHHBIX BHIOOPKOW C MaJIBIMHM Z.

Of course, another drawback of the
evolutionary approach is that the
excellent fit of the data to the
nonexpanding model then can only be
interpreted as a coincidence.

KoneuHo, 1pyroi HeA0CTaTOK 3BOIOLHOHHOTO
IIOAXO0/AA COCTOUT B TOM, YTO IIPEBOCXOHOE
COBIaJIEHUE JIaHHBIX C (pacuyeTaMu)
HepacCIIUPSIONIEHCS MOJIEN TOT/1a MOXKET OBbITh
WHTEPIPETUPOBAH TOJIBKO KaK CIydYaiHOe
COBIIAJICHUE.

4. DISCUSSION

4. OBCYKJEHUE

The implications of this work are
fundamental to our understanding of the
universe and its history. If the universe is
not expanding and the FRW model is
invalid, there was no big bang and the
general cosmological model will have to
be replaced with another approach. There
are alternative cosmological models that
can explain major features of the
universe such as large scale structure, the
light element abundances and the cosmic
background radiation without a big bang
or an expanding universe. For example,
plasma cosmology, which assumes an
evolving universe without an origin in
time has provided such explanations and
accurate predictions of new
phenomena.’®*"*® Such alternatives have

3HadeHus 3Toil paboThl PyHAaMEHTATbHBI IS
Hallero NoHMMaHus BeeneHHas u ee XpOHOJIOTH.
Ecnun Beenennas He pacmmpsercs, 1 Mogens FRW
HEJIOIMyCTUMa, TO He ObUIO HUKAKOro bosbiioro
B3psiBa, 1 00111251 KOCMOJIOTHYECKasi MOZEIb JIOJIKHA
OBITh 3aMEHEHa IPYTruM noaxoaoM. Ectb
albTEpHATUBHBIE KOCMOJIOTUYECKHE MOEIH,
KOTOpBIE MOTYT OOBSCHUTH TJIaBHBIE CBOMCTBA
BcenenHnoii, Takue Kak: KpynmHOMacIITabHast
CTPYKTYpa, paclipOCTPAaHEHHOCTD JIETKUX 3JIEMEHTOB
U KocMHuYeckoe (POHOBOE n3IydeHue, 0e3 bomubuioro
B3peiBa wim pacmmpsironieiicss BeeneHHOM.
Hampumep, miiasMeHHass KOCMOJIOTHs, KOTOpast
npezrnonaraeT pa3BuBarolLyrocs Beenennyto 0e3
Hayajla BO BPEMEHM, ITPE/ICTaBUIIa TAKHE
00BSICHEHUS ¥ TOUHBIE NMPEACKA3aHUs HOBBIX
sBieHui [16,17,18]. Takue anpTepHAaTUBBI MOTYYHIN
JIONIOJIHUTEIbHOE 0OOCHOBAHUE B MIOCIIEIHUE OB,




received additional justification in recent
years as contradictions with the big bang
model have accumulated in many areas.
These include the failure of predictions
of the abundance of lithium®, the non-
Gaussianity of the CMB anisotropies®
and the failure to predict very large voids
in the distribution of galaxies®./

MOCKOJIbKY MPOTUBOPEUHS ¢ MOJIEIbI0 bosbiioro
B3pbiBa HakonuiIMch BO MHOTUX 00nacTsax. OHU
BKJIIOYAIOT IIPOBaJ NMpeACcKa3aHuit
pacnpoctpaneHHOCTH JuTus [ 19], He-["ayccnanoBoi
annzorponuu CMB [20] 1 HEeBO3MOKHOCTh
npezcKa3aTb O4€Hb OOJIbIINE IYCTOTHI B
pacrpeesieHnn rajakTuk [21].
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FIGURE 9. IR/FUV surface brightness
ratio for nine ULIRG galaxies. All those
with IR p brighter than 19 show strong
absorption.

Puc.9. Ornomenue IR/FUV noBepXHOCTHBIX
sapkoctel s AeBsaTy ranaktuk ULIRG. Bee onu €
L, 6onee sspkuM, ueM 19 B 1P, mokas3piBalOT CUIbHOE
TIOTJIONICHHE.

In addition, if d=cz/H, there is no
absolute limit to the size of the
observable universe, nor any limit to how
far back in time we can observe. The
observable universe would, in principle,
be unlimited in both space and time.
Specifically, objects in the universe
could be far older than the 14Gy allowed
by the big bang hypothesis. For example,
if d=cz/H the galaxies in the HUDF
observed at z=6 are 24 Gpc away and are
observed as they were 72 Gy ago. This in
turn means that at least some galaxies
existing today are that old.

Kpowme Toro, ectu d=cz/H, To HET HUKaKOTO
abCOTIOTHOTO TIpeiesia pa3Mepy HaOIro1aeMoi
BceneHnHoOM, HU HUKAKOTO Mpeeaa TOMY, Kak JaJIeKO
Ha3aJ] BOBpEeMs Mbl MOXEeM HaOJII01aTh.
Habmonaemas Beenennas, B mpuHiumne, Obuia Obl
HEOTpaHUYEHHA U B IIPOCTPAHCTBE U BO BPEMEHHU.
OrnpenenenHo, o0beKTH BO BeenenHoi Moriu ObITh
MHOTO cTapmumu yeM 14Gy, mo3BOJIEHHBIX
runote3oil bonsmoro B3peisa. Hanpumep, ecinu
d=cz/H, To ranaktuku B HUDF, Ha0Gmtomaemplie pu
7=06, HaxoATcs Ha paccTosgHuu 24 Gpe u
HaOIOAI0TCS TAKMMU, KaKUMU OHH ObutH 72 Gy
Ha3aJl. DTO B CBOIO OYepe/lb 03HAYAET, UTO, 10
KpaitHeil Mepe, HEKOTOpbIe TaTaKTHKH,
CYIIECTBYIOIINE CETOAHS, HACTOJIBKO CTaphI.

ACh_6. Almost the same deductions are
fulfilled and for the formula
d=c‘In(l+z)/H.

AY_6. [Touty 5TH e BBIBOJBI BBITOTHSIOTCS U JIIS
dopmysr d=c-In(l+z)/H.

Finally, the surface brightness data
implies that the Hubble relation must be
caused by some nongeometric process.

Hakoser, 1aHHBIE TOBEPXHOCTHOM SIPKOCTH
MOJIPa3yMeBarOT, YTO COOTHOIIEHUE Xa00ia JOmKHO
OBITH BBI3BAHO HEKOTOPHIM HETEOMETPHUECKUM




One possibility is loss of energy from
photons due to some previously
unknown process. A linear relationship
between z and d is mathematically
equivalent to each photon loosing a fixed
quantum of energy for each wavelength
traveled. Spherically the quantum of
energy lost would be that of a photon
with a wavelength equal to the Hubble
distance, 4,000 Mpc.

npoueccoM. OHa BO3MOXKHOCTS - TOTEPSl IHEPTUU
dboToHaMU H3-32 HEKOTOPOT'O PaHee HEU3BECTHOTO
nporecca. JInaeliHas 3aBUCUMOCTD MeXy Z 1 d
MaTeMaTHYeCKH SKBUBAJIEHTHA KaX10My (pOTOHY,
0CcBOOOXKaroeMy (PUKCHpPOBAaHHBIN KBAaHT SHEPTUU
JUISL KQXKI0W MPOWICHHOW UIMHBI BOJIHBI.
Cdepuuecku KBaHT NOTEPSIHHON S3HEPTHH ObLI ObI
KBaHTOM ()OTOHA C JUTMHOM BOJIHBI, PABHOM
paccrosiuuto Xab6ma, 4 000 Mpc.

ACh_7. In no event! The linear
dependence between z and d
mathematics is not mathematically
equivalent to an equal energy loss of the
photon on each wave length as this wave
length is gradually incremented. Such
equivalence is strictly proved only for the
formula d=c-In(I+z)/H. Yes, at transiting
by a photon of the next wave length the
losses of its energy numerically are equal
in models of the Static Universe to
quantum energy with a wave length c/H.
By the way, it not bindingly means that
the photon loses this energy at once. [25]

AY_7. Hu B koeMm ciyuae! JInHeitHast 3aBUCUMOCTh
MeXTy z 1 d MaTeMaTH4eCKH HE SKBHBAJICHTHA
OJIMHAKOBOI1 MoTepe FHEPrur POTOHOM Ha KaxI0i
JUIMHE BOJIHBI, IOCKOJIBKY 3Ta JYIMHA BOJIHbI
MOCTENEHHO yBennuuBaercsa. CTporo JoKa3bIBaeTCs
TaKasi 5KBUBAJICHTHOCTb TOJIBKO U1l (POPMYJIBI
d=c‘In(I+z)/H. [da, B Mmoaensax CraTu4eckoii
Bcenennoii npu npoxoxxaeHun (OTOHOM O4epeTHON
JUIMHBI BOJIHBI IOTEPU €TI0 SHEPTUU YHCIECHHO PABHBI
JHEPruM KBaHTa ¢ JuInHO# BosHbl C/H. KcraTh, aTo
HE 00513aTeIbHO 03HAYAET, UTO (POTOH TEPSIET ATY
SHEPTHUIO 3a OJIUH pa3.[25]

Give the implications of this work, it's
crucial to see if these conclusion are
consistent with other observations and
how sensitive they are to the model
hypothesized. A full investigation of this
question requires additional work, as
detailed in section 5, but a start can be
made here. First, how sensitive are the
conclusions to the assumption that
d=cz/H? We can look briefly at the
comparison of the z=6 sample using
instead the assumption that
d=c-In(I+z)/H, which is a commonly-
used formula for non-expanding
cosmologies.

[IpuaaBast BAXKHOCTBH 3TOM paboTe, KpailHEe BaXKHO
BUJICTh, SIBJIAFOTCS JIM 3TU BBIBOJbI COBMECTUMBIMHU C
JIPYTUMH HaOJIIOIEHUSIMU U HACKOJIBKO
YyBCTBUTEJIbHBI OHU K MOJIEJIN PACCMAaTPUBAEMOM.
[TonmHOE McceoBaHUE 3TOTO BOMpoca TpedyeT
JIOTIOTHUTEIBHOM paboThl, KaK ETaTU3UPOBAHO B
Paznene 5, HO Ha4anmO MOXKET OBITH CAENAHO 3/1ECh.
Bo-niepBbIx, HACKOJIBKO YyBCTBUTEIbHBI 3TH BBIBOIbI
K MpeanosiokeHuto 3to d=cz/H? Mbl MOXeM KpaTKO
B3IJISIHYTh HA CpaBHEHUE BBIOOPKU IpHU z=6,
UCIIOJNIB3YIOUIEH BMECTO 3TOTO MPEIOI0KEHNE
d=c‘In(l+z)/H, xoTopoe sBiIsieTcst 0OBITHO
UCTIONB3yeMO (OpMyIIOH Al HEPACHIUPSAIOIMIUXCS
KOCMOJIOTUH.

With this assumption, the distance at z=6
is 0.32 of the distance assuming d=cz/H,
so absolute magnitudes for the same
galaxies are increased by 2.44 and the
low-size limit is reduced to 2.3 kpc
although in fact none of the galaxies in
the sample is, with this assumed
relationship, less than 3.4 kpc. We
examine samples with 25.5<M<26.5. A

C >TuM npeamnonoxeHueM paccrostaue B z=6 - 0.32
U3 paccTosHUs, puHuMartoiero d=cz/H, rakum
00pa3zoM, aOCOJIFOTHBIE 3B.BETUUMHBI JISI TEX KE
CaMbIX TraJakTUK yBeJIWYeHbI Ha 2.44, 1 mopor
HIDKHETO pa3Mepa NpuBoaAr k 2.3 kpc, xots
(bakTHUECKH, HU OJIHA U3 TAJAKTHK B BHIOOPKE HE
MEHBIIIE, C 3TON NMPUHATON 3aBUCUMOCTBIO, 4eM 3.4
kpc. Mol uccnenyem Beioopku ¢ 25.5 <M. <26.5.
Cpasuenue BeiOopku FUV B z=0.06-0.07 numeet




comparison FUV sample at z=0.06-0.07
has a low-size cut off of 2.3 kpc and
contains 124 galaxies. The average
surface brightness in this sample is 24.60
as compared with 24.22 in the high-z
sample of 25 galaxies, a difference of
only 0.38 magnitudes. While the low-z
sample is dimmer in this analysis than
for the d=cz/H assumption, the low-size
cut-off is also smaller, resulting in little
change in average surface brightness.
This individual comparison again implies
a good agreement with the prediction,
common to all non-expanding models, of
no change of surface brightness with
redshift. A more through analysis is
clearly desirable, but at first glance we
see that the conclusion that the universe
in not expanding is relatively insensitive
to the choice of d-z relationship. By the
same reasoning, surface brightness data
alone is probably not a good way to
distinguish between d-z relationships in
non-expanding models.

nopor HrbkHero pasmepa 2.3 kpc u copepxur 124
ranakTuku. CpeHssi HIOBEPXHOCTHAs SIPKOCTh B ATOU
BbIOOpKE 24.60 1o cpaBHEHUIO ¢ 24.22 B BBIOOpKE U3
25 ranakTUK, UMEIOUINX OOJBIINE Z, PAa3HOCTh
tosbko 0.38 mag. B To Bpemst kak BeIOOpKa C
MaJbIMH Z - TEMHEE B 3TOM aHaJIM3€, YeM IS
npeanonoxenust d=cz/H, mopor HuwxHeEro pazmepa
TaK)Ke MEHbIIIE, YTO MPUBOAUT K HEOOIBIINM
WU3MEHEHUSM B CPEHEN TOBEPXHOCTHOM SIPKOCTH.
OTO UHIMBUYAJIBHOE CPAaBHEHUE CHOBA
[0JIpa3yMeBaeT XOpolllee COrIalleHUE ¢
npezcKa3zaHueM, OOBIYHBIM ISl BCEX
HEPACIIUPSIOIINXCS MOJIeNeN, 00 OTCYTCTBUH
M3MEHEHUS IOBEPXHOCTHOU IPKOCTH C POCTOM
KpacHOro cMeuieHus. SICHO, 4To kenareaeH
OOJIBIINI aHAIN3, HO HA MIEPBBINA B3TJISA MBI BUIAUM,
YTO 3aKJIIOYCHHE, O Hepaclupsoencs Beenennoit
OTHOCHUTEJIBHO HEUYBCTBUTENBHO K BBIOODPY d-Z
3aBucuMocTH. [1o TeM ke mpuyruHaMm OJHH TOJIBKO
JTaHHBIE O TOBEPXHOCTHOM SIPKOCTH SIBJISIFOTCS,
BEPOSITHO, HE XOPOIIINM CIIOCOOOM paznnyuTh d-Z
3aBUCUMOCTH B HEPACLIMPSIOIUXCSI MOJEIISAX.

ACh_8. Such problem does not arise, as
in all models of the Static Universe there
is only a dependence d=c-In(l+z)/H. [26]

AY_8. Takas npobiieMa He BOSHHKAET, TaK KaK BO
Bcex Moaeirsix Ctaruueckoil BeeaeHHOM eCTh TOIBKO
3aBucuMocTh d=c-In(1+z)/H.[26]

A second question is whether these
conclusions are compatible with
observations of Type la supernovae,
which have also been used to measure
the geometry of the universe. Many
authors have claimed, in particular, that
the decay curves of supernovae prove the
expansion of the universe, as they are
longer at higher redshift, implying a
stretching of the duration of the event,
not just a simple redshifting of the
light”. However, as Brynjolfsson
notes®, there is circularity in this
argument because observations have
demonstrated that, at a given redshift, the
time constant of a SNIa decay curve is
linearly proportional to the peak absolute
magnitude of the supernova®”.

pyroii Bonpoc - COBMECTUMBI JIU 3TH BBIBOJIBI C
HaOmoaeHus MU 3a CBepXHOBBIMHU THUIIA [a, KOTOpbIE
TaK)Ke MCTOJIb30BAIHUCH, YTOOBI U3MEPHUTH
reoMeTpuro BeenenHoil. MHOro aBTOpOB 3asBIISUIN, B
YaCTHOCTH UTO KpHUBbIe criaga CBEPXHOBBIX
JIOKA3bIBAIOT paclumpeHre BeeneHHOM, MOCKOIbKY
OHHM OoJiee NITMHHBI AJIs1 O0JIBIIEr0 KPACHOTO
CMEIIEHUH, TI0JIpa3yMeBasi pacTsHKEHHE
JUTUTEJIBHOCTH SIBJIEHUS, HO TOJIBKO HE ITPOCTOI0
KpacHOTo cMeleHus ceera.[22] OgHako, Kak
3ameTtun bpunitondccon[23], ecTh 3alUKIMBaHUE B
3TOM apryMeHTE, MOTOMY UTO HaOJIIOICHUS
MIPOJIEMOHCTPUPOBAJIN, UYTO B JAHHOM KPaCHOM
CMEIIEHUHU TTOCTOSIHHASI BPEMEHU criafa KpuBoit SN
la muHeitHO MponopIMOHAbHA TUKOBOM
a0cooTHOM 3B.BenurHe CBEXHOBBIX [24].

Consider a given supernova with
apparent magnitude m, redshift z and

PaccmoTpuM nanHyro CBEpXHOBYIO ¢ BUAMMON
3B.BEJIMYMHON M, KPACHBIM CMEIICHUEM Z U




observed duration t. In the FRW
interpretation the intrinsic duration is
t/(z+1) and the absolute magnitude

Ha0JIr0JaeMoi T TENILHOCTRIO t. B nHTEpIpeTamn
FRW cob6cTBeHHas UTEnbHOCTD - t/(z+1)
abCoII0THAsI 3B.BEIMUMHA

M= m-5Log d-2.5log(z+1)  (7)

M= m-5Log d-2.5log(z+1)  (7)

where the z+1 factor is due to the
decrease in flux caused by the stretching
of the duration of the pulse. We also
have that

rae ko3¢ unueHt z+1 - u3-3a yMEHbIICHUS
CBETOBOTO MOTOKA, BEI3BAHHOTO PACTSKECHHEM
JUTUTEIIbHOCTH MMITyJIbCa. Y HAC TaKKe eCTh
ypaBHEHHE

M=Mj,-2.5log t +2.5log (z+1) (8)

M=Mj-2.5log t +2.5log (z+1) (8)

So, combining egs.(7) and (8), we have

[Hoatomy, koMOuHMpYs ypaBHeHUs (7) U (8), MbI
UMEEM

m= My-2.5log t +5Log d +5log (z+ 1)
9)

m= Mo-2.5log t +5Log d +5log (z+ 1) (9)

In the non-expanding model, the intrinsic
duration is t and the absolute magnitude
IS

B Hepacmumpstonieiicss Moaenu coOCTBEHHAs
JUTUTEIHHOCTS - t, U aOCOJIFOTHAS 3B.BEIMYMHA

M=m-5Logd"  (10)

M=m-5Logd"  (10)

where d' is the distance in the non-
expanding model, which, at low z, equals
(z+1)d. Thus,

rze d' - paccTosiHUE B HepacIIUpsoLIeics MoJieny,
KOTOpasi, B HU3KOM Z, ipupaBHuBaercs (z + 1) d.
Takum oOpazom,

M=m-5log d -5log(z+1) (11)

M=m-5log d -5log(z+1) (11)

ACh_9. Why here d' (the distance in
static model) is considered by (z+1)
major, than d (distance in expanding

AY 9. O1o nerepno. [Touemy 3nech d' — paccTosiHue
B HEpaCLIMPSIOIEICs MOIeNu cunTaeTces B (Z+1) pa3
OoubInM, 4eM d — pacCTOSIHUE B PACIIUPSIOIICHCS

model)? MoJIen?
In this case, B stom ciyuae,
M= Mp-2.5logt (12) M= Mop-2.5logt (12)

and therefore the expression for m
formed by combing (11) and (12) is
identical with (9) and the FRW and non-
expanding models are indistinguishable.
A more detailed comparison is planned
using available SNIla data.

Y TI0O9TOMY BBIpaXKEHHE JUISI M chOPMUPOBAHHOE MX
(11) u (12) unentruno ¢ (9), u FRW u
HEepacIIUPSIIONIHECsS MOJICITH Hepa3InIuMbl. boree
JeTalbHOE CpPaBHEHUE 3aIUIAHUPOBAHO, HUCTIONB3Y I
noctymnHbeie fanabie SN 1a.

In addition, if the relationship d=cz/H is
assumed, the variation of apparent
magnitude of a given source with redshift
Is extremely similar for the non-
expanding universe and for the
"consensus"” FRW model. Over a range
in z from 1-6 the difference in the two
models predictions is less than 0.21
magnitudes at all z.

Kpowme Toro, ecnu 3aBucumocts d=cz/H nipunsra,
Bapuallvs BUJIUMON 3B.BETUYNHBI JAHHOTO
HCTOYHHMKA C KPACHBIM CMEIICHUEM YPE3BhIUAHO
nojo0Ha JJi Hepacuupsitolieiics Beenennou u s
"cornmacoBanHoi" monenun FRW. B unrepsane z 1-6
Pa3HOCTD B MPECKA3aHUAX ITUX JBYX MOJENeH
MenbIe yem 0.21 mag ass Beex z.

5. CONCLUSIONS AND FUTURE
WORK

5. BoiBoabI 1 Oyaymasi paéora

The data from HUDF and GALEX give a
clear answer to the surface brightness test
of the expansion of the universe. The
data is clearly compatible with the non-

Hannsie or HUDF u GALEX naroT sicHbIl OTBET Ha
TECT MOBEPXHOCTHOM SIPKOCTH MPHU PACIIMPEHUN
Bcenennoii. JlanHbie SICHO COBMECTHUMBI C THIIOTE30H
HEpaCHIMPEHUs U SBHO HECOBMECTUMBI C THIIOTE30i1




expanding hypothesis and clearly
incompatible with the expanding
hypothesis, even with evolution. The
universe, therefore, is not expanding.
Surface brightness is independent of
redshift to well within narrow statistical
uncertainties, while the FRW
evolutionary hypothesis requires that
high-z galaxies have FUV surface
brightness that are more than an order of
magnitude outside the entire range of
low-z galaxies and which appear to be
physically impossible.

pacimpenus, Jaxe ¢ ABoNtonuei. Beenennas,
03TOMY, He pacimupsiercs. [loBepXxHOCTHasI IpPKOCTh
HE3aBUCUMA OT KPaCHOT'O CMEIIECHUS B IIPeeax
y3KHX CTAaTUCTUYECKUX OIIMOOK, B TO BpeMs Kak
sBoIOIMOHHas runore3a FRW Ttpebyer, 4To0s! y
rajakTuk ¢ 6onsmumu Z 6puta FUV noBepxHocTHas
SAPKOCTb, YTO OOJIbIIIE YEM Ha MOPSAIOK 3B.BEIUUHHBI
BHE BCETO JMANa30Ha rajlakKTUK C MAJIbIMU Z, U
KOTOpbIE, KaK OKa3bIBaeTCsl, GU3NUECKU
HEBO3MOJKHBI.

There are a number of directions for
further work to confirm and expand these
conclusions. The analysis presented here
comparing non-expanding models with
the surface brightness data needs to be
expanded to include other redshift
ranges, filling in the entire range ftom
z=0-6. The surface brightness relation
has to be examined in other at-galaxy
wavelength ranges in the optical. A more
thorough sensitivity analysis must be
undertaken to see how well alternative d-
z relationships fit the data at the full
range of redshifts and wavelengths
examined.

Ectb MHOTO HanpaBieHui Uit JanpHeimei padboTsl,
YTOOBI 3aTBEPAUTH U PACIIMPUTH 3TH BBIBOJIBI.
Amnainu3, IpeACTaBICHHOrO 3/1€Ch CPAaBHEHUS
HEPACIIUPSAIOIINXCS MOJEINIEH C JaHHBIMU
MIOBEPXHOCTHOM SIPKOCTH, JOJDKEH OBITh PaCIINPEH,
YTOOBI BKJIIOUATh JPYTHE AUANa30HbI KPAaCHOIO
CMEIIEHUs, 3a0MIHsAsA Bech Anana3oH z=0 - 6.
CooTHOIIEHNE TOBEPXHOCTHOM APKOCTH JOJIKHO
OBITh UCCIIEZIOBAHO B APYTUX AMAINA30HAX (B
ONTUYECKOM) JJIMHBI BOJIHBI B rajlakTuke. bosee
TIIATEJIbHBIA YyBCTBUTEIbHBIA aHAIN3 JI0JIKEH OBIThH
HPEANPUHAT, YTOOBI BUJIETh, KAK XOPOILO
aJIbTepHATUBHBIE d-Z 3aBUCUMOCTH
MIPUCIIOCA0NINBAIOT JaHHBIE B ITOJIHOM JMANla30He
KPAaCHBIX CMEILEHUN U UCCIEAOBAHHBIX JJIMH BOJIH.

Since the FRW evolutionary hypothesis
can only be ruled out by excluding the
existence of the extremely high-surface-
brightness FUV galaxies at high-z, a
number of efforts are needed. To find the
brightest galaxies at low-z the entire
GALEX data base, not just those with
SDSS red shift, can searched for
comparison galaxies. Similarly, a more
through search of all HUDF, HDF and
other high-z data bases is required to find
the brightest galaxies. In addition,
theoretical models need to be examined
to see if any can allow, or rule out, ultra-
bright UV galaxies.

[TockonbKy »BOMIONIMOHHASA runoTe3a FRW moxer
OBITH UCKJTIOYEHA TOJIBKO UCKITIOUEHUEM
CYyIIIECTBOBaHUS YPE3BbIYANHO CBEPXSAPKUX T'AJIAKTHK
FUV B Oonpmux z, TO HEOOX0MMO MHOTO YCHIIUH.
Haiiti camble sipKue TAIaKTUKU B MJIbIX Z BO BCEM
6a3e nanHbIX GALEX, HE TOJIBKO T€X C KPACHBIM
cMmemenueM SDSS, MoiHO, pa3bICKuBas
CpaBHUBAEMbIC TATAKTUKHA. TOYHO TakK e OOJbIIIe
nepenonayuBanus Bceit HUDF, HDF u apyrux 6a3
JAHHBIX C OOJBIINMU Z 00s13aHBI 0OHAPYKUBATH
caMble SIpKue TalakTUKU. Kpome Toro, T0JIKHBI
OBITH MCCIIEJIOBAHBI TEOPETUUYECKUE MOJIEITH, YTOOBI
BU/JIETh, MO>KHO JIM IPUHSTH WA UCKIFOYUTh
yabTpaspkue YD ranakThKH.

The implications of this work require the
re-examination of other data as well. For
one thing, the SN la data for individual
galaxies can be re-analyzed on the basis
of a non-expanding universe model,

3HaueHue 3Toi paboThl Takke TpeOyeT NOBTOPHOM
IPOBEPKU APYrux AaHHBIX. C 01HOM CTOPOHBI,
nannbie SN la U1 HHAWBUYaTbHBIX TaTaKTHK
MOTYT OBbITh IOBTOPHO MTPOaHAIU3UPOBAHbI HA
OCHOBE MOJIEJIM Hepacumpsitomencs Beenennon,




although for the theoretical reason
mentioned in section 4, it is not
anticipated that the SN la data alone can
distinguish between expanding and non-
expanding models. In addition, the non-
expanding model implies the existence of
much older galaxies at all epochs than
does the FRW model. While age-
determination of galaxies is fraught with
analytical ambiguities, studies need to be
undertaken to test if galaxies much older
than 14 Gy exist today, or similarly old
galaxies at high-z.

XOTsI 10 TEOPETUYECKON ITPUUMHE, YIIOMSHYTOU B
Pasnene 4, 310 HE 0)KMIAETCS, YTO OJHU TOJIBKO
naHHble SN la MOTYT pasnuyuTh MOJENHU C
pacupenueM u 0e3 pacumpenus. Kpome toro,
HEPaCIIUPSIOIIASACST MOAEIb [10pa3yMeBaeT
CYILIECTBOBaHHE HAMHOTI'O CTApILNX raJaKTHUK BO BCE
IepHoJIbl, ueM 310 nenaeT moaenb FRW. B to Bpems
KaK OIIpeJIeJICHHE BO3pacTa raJlakTHK - YpeBaTo
AQHAIUTUYECKON HEOITHO3HAYHOCTHIO, HIOTPEOHOCTD
U3yuyeHHsl, KOTOpoe OyJIeT MPeIIpUHATO, YTOOBI
IPOBEPUTD, CYIIECTBYIOT JIU CETOAHS ralaKTHKHU,
HaMHOTro crapuue, yeM 14 Gy, nim aHaJIoruuHo
CTapble raJIAKTUKHU C OOJIBIINMH Z.

It is important to note as well that the
data bases that this work relies on can be
used for other tests that bear on the
geometry of the universe. For example,
the data can be used to indicate the
change in galaxy density with z, which in
turn depends of the z-d relationship, and
thus can potentially distinguish such
models.

BaxxHo 3ameTuTh Takxke, 4To 0a3bl JaHHBIX, HA
KOTOpBIE ToJIaraeTcs 3Ta pabora, MOTYT
MCIIOJIB30BATHCA JJIsl IPYTUX UCIIBITAHUHM, KOTOPBIE
onuparoTcsi Ha reomeTputo Beenennoil. Hanpumep,
JaHHBIE MOTYT HCIOJIb30BATHCS, YTOOBI YKa3aTh
M3MEHEHHE KOHIICHTPAIMH TaIaKTHK 110 Z, YTO B
CBOIO OY€pe/Ib 3aBUCHT OT Z-d 3aBUCHUMOCTH, U
TaKUM 00pa30M MOXKET MOTEHIHMAIBHO OTIIMYUTH
TaKUE MOJICIIH.

Finally, if the universe is not expanding
and the Hubble relationship is due to
some other phenomenon, it seems likely
that such a redshift-distance relationship
could be detected on earth with
sufficiently sensitive instruments.
Experiments, possibly with a
modification of the Laser Interferometer
Gravity Observatory, could in principle
detect a change in wavelength of light
and thus determine experimentally the
origin of the Hubble relationship.

Haxonern, eciiu Beenennast He pactmpsiercs, 1
3aBUCHMOCTH Xa00:1a MosBUIach U3-3a HEKOTOPOTO
JPYTOTO SIBIICHHS, TO KQXKETCSI BEPOSTHBIM, YTO
TaKasi 3aBUCHMOCTb PaCCTOSIHUE- KPACHOE CMEILICHUE
Moria ObITh OOHapy’keHa Ha 3eMJIe C IOCTATOYHO
YyBCTBUTEIHHBIMHU MPHOOpaMU. DKCIIEPHUMEHTHI,
BO3MOXHO ¢ m3MeHeHueM O0cepBaTopun
I'paBuraruu JlazepHoro uHTEpHEpOMETPa, MOTIH
OBl B IPUHIIATIE OOHAPYKUTh U3MEHECHHE B JITTHHE
BOJIHBI CBETA U TAKMM 00Pa30M OIPEICIIUTh
IKCIEPUMEHTAIBHO MPUUNHY 3aBUCUMOCTH Xab0ia.
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